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FOREWORD 

In order to meet its mission objectives, the U.S. Navy performs a variety of 
operations, some requiring the use, handling, storage, or disposal of hazardous 
materials. Through accidental spills and leaks and conventional methods of past 
disposal, hazardous materials may have entered the environment in ways unaccept- 
able by today's standards. With growing knowledge of the long-term effects of 

_ hazardous materials on the environment, the Department of Defense (DOD) initiated 
various programs to investigate and remediate conditions related to suspected 
past releases of hazardous materials at their facilities. 

One of these programs is the Installation Restoration (IR) program. This program 
complies with the Comprehensive Environmental Response, Compensation, and 
Liability Act, as amended by the Superfund Amendments and Reauthorization Act. 
The acts, passed by Congress in 1980 and 1986, respectively, established the 
means to assess and cleanup hazardous waste sites for both private-sector and 
Federal facilities. These acts are the basis for what is commonly known as the 
Superfund program. 

Originally, the Navy's part of this program was called the Navy Assessment and 
Control of Installation Pollutants (NACIP) program. Early reports reflect the 
NACIP process and terminology. The Navy eventually adopted the program stru'cture 
and terminology of the standard IR program. 

The IR program is conducted in several stages: 

. The Preliminary Assessment (PA) identifies potential sites through 
record searches and interviews. 

. A Site Inspection (SI) then confirms which areas contain contamina- 
tion, constituting actual "sites." (Together, the PA and SI steps 
were called the Initial Assessment Study under the Navy's old :NACIP 
program.) 

. Next, the Remedial Investigation and the Feasibility Study (RI/FS) 
together determine the type and extent of contamination, establish 
criteria for cleanup, and identify and evaluate any necessary 
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remedial action alternatives and their costs. As part of the RI/FS, 
a Risk Assessment identifies potential effects on human health or 
the environment in order to help evaluate remedial action alterna- 
tives. 

. The selected alternative is planned and conducted in the Remedial 
Design and Remedial Action stages. Monitoring then ensures the 
effectiveness of the effort. 

The hazardous waste investigations at Naval Air Station (NAS) Whiting Field are 
presently being conducted under the IR program implemented through the Southern 
Division, Naval Facilities Engineering Command. The U.S. Environmental 
Protection Agency and the Florida Department of Environmental Protection oversee 
the Navy environmental program at NAS Whiting Field. All aspects of the program 
are conducted in compliance with State and Federal regulations, as ensured by the 
participation of these regulatory agencies. 

Questions regarding the IR program at NAS Whiting Field should be addressed to 
Mr. Jeff Adams, Code 1859, at (803) 820-7341. 
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ABB Environmental Services, Inc., under the Comprehensive Long-term Environmental 
Action, Navy (CLEAN) Contract, No. N62467-89-D-0317, is conducting a Remedial 
Investigation Feasibility Study (RI\FS) on behalf of the U.S. Navy at the Naval 
Air Station (NAS) Whiting Field. The RI\FS is being conducted in accordance with 
the Comprehensive Environmental Response Compensation and Liability Act (CERCLA) 
of 1980 amended by the 1986 Superfund amendments and Reauthorization Act (SARA), 
as directed in Executive Order 12580 of January 1987, the Department of Defense 
(DOD) conducts an Installation Restoration (IR) program for evaluating, and 
remediating previous releases and disposal of toxic and hazardous materia:Ls at 
DOD facilities. Twenty-eight sites requiring investigation have been identified 
at NAS Whiting Field. This report presents background information and methodolo- 
gies common to all of the RI\FS site investigations at NAS Whiting Field. 

NAS Whiting Field is located in northwest Florida approximately 7 miles north of 
Milton and 20 miles northeast of Pensacola. An initial assessment study for NAS 
Whiting Field was conducted by Envirodyne Engineers in 1985. The IAS identified 
16 disposal or spill sites that were likely sources of contaminant migration at 
NAS Whiting Field. A confirmation study was recommended by the IAS to eva:Luate 
the sites requiring additional investigation. 

The confirmation study consisted of two parts: verification and characteriza- 
tion. In December 1985, during discussions with, two sites (Sites 17 and 18) 
were added to the verification study. The results of the verification Istudy 
provided an assessment of physical and chemical conditions existing at NAS 

!@-I Whiting Field. The conclusions of the study indicated that a characterization 
study was needed to further delineate the nature and extent of contamination at 
all sites. 

The three-phase (IAS, confirmation study, and remedial measures) IR program was 
modified in 1987-88 to be congruent with CERCLA and SARA regulatory requirements. 
The updated nomenclature included preliminary assessment (PA), site inspection 
(SI), remedial investigation (RI), feasibility study (FS), and planning and 
implementation of remedial design. Under the updated rules, the IAS became 
equivalent to a PA, and the first part of the confirmation study (the verifica- 
tion study) functioned as the SI. Subsequently, the characterization study was 
not performed, and the existing investigations were used to support the updated 
program. 

n 

Due to the number of sites, diversity of the past and present operations, and 
size of the facility, the RI\FS was begun in a phased approach. The Phase I RI 
was initiated in December 1990 by ABB Environmental Services, Inc., under 
contract to the Department of the Navy. The objective of Phase I of the RI was 
to characterize the nature and extent of contamination at sites identified during 
the IAS. The Phase I RI program addressed 14 of 18 previously identified sites 
at the installation. Five additional sites were identified during the Ph,ase I 
RI and subsequently added to the Phase II RI program for investigation. Sites 
4, 7, and 8 were not investigated during Phase I of the RI because they were 
under investigation by the Navy's UST program. The UST investigation for Sites 
4 and 7 indicated that the sites should be returned to the IR program because of 
the following: (1) petroleum contaminants were commingled with nonpetroleum 
contaminants and (2) petroleum contaminants could not be remediated without 
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design considerations for nonpetroleum contamination. Correspondence from USEPA 
and FDEP concurred with the recommendations that the sites be returned to the IR 
program. Site 8 was investigated under a separate contamination assessment, and 
a No Further Remedial Action Planed (NFRAP) was recommended for the site. 

n. .' , 

The Phase II RI program was begun in May 1992 and is ongoing. The initial plans 
for the Phase II investigation included potential receptors survey, plume 
characterization, production well investigation, and source area characteriza- 
tion. However, based on the results of the Phase I investigation, the Phase II 
investigation was subdivided into parts A and B. Phase IIA incorporated the 
additional investigation and site characterization required to describe the 
nature and extent of contamination, support the baseline risk assessment, and to 
support an FS. The scope of Phase IIB addressed additional identified data gaps 
for each of the perimeter road sites. In addition, five sites were identified 
during the Phase II RI and subsequently added to the RI\FS investigation. 

The purpose of this RI\FS General Information Report is to provide information 
common to all of the sites being investigated at NAS Whiting Field including 
sampling and analytical methodology, data evaluation, risk assessment methodolo- 
gy* characterization and assessment of stationwide background data, and the 
ecological characterization of the station. Because the information contained 
in this report is common to all sites, it will not be repeated in RI or 
confirmatory sampling reports for each site but will be referenced. The 
individual RI or confirmatory sampling reports for each site will also contain 

- a discussion of any deviations from methodologies presented in this report. 
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GLOSSARY 

f-7 

ABB-ES 
AQUIRE 

ABB Environmental Services, Inc. 
Aquatic Information Retrieval 
applicable or relevant and appropriate requirement 

ASTM American Society for Testing and Materials 
AWQC Ambient Water Quality Criteria 

BAF 
BAT 
bls 
BTEX 

bioaccumulation factor 
Bengt-Arne-Torstensson 
below land surface 
benzene, toluene, ethylbenzene, and xylenes 

CaC03 
CAR 
CERCLA 

CLP 
CRDL 
CRQL 
CSF 
CT 
ft3/s 
CVAA 
"C 

DC 
DDE 
DDT 
DO 
DOD 
DQO 

calcium carbonate 
contamination assessment report 
Comprehensive Environmental Response, Compensation, and Liability 
Act of 1980 
Contract Laboratory Program 
contract-required detection limit 
contract required quantitation limit 
cancer slope factor 
central tendency 
cubic feet per second 
cold vapor atomic absorption 
degrees Celsius 

direct current 
dichlorodiphenyldichloroethene 
dichlorodiphenyltrichloroethane 
dissolved oxygen 
Department of Defense 
data quality objectives 

EM 
EPC 
ECPC 
ERA 
ERL 
ERM 

electromagnetic 
exposure point concentration 
ecological contaminant of potential concern 
ecological risk assessment 
Effects Range-Low 
Effects Range-Medium 

"F 
FAC 
FDEP 
FDER 
FID 
FNAI 
FSWQS 
ft/day 
ft'/day 
ft/ft 
ft/sec 

degrees Fahrenheit 
Florida Administrative Code 
Florida Department of Environmental Protection 
Florida Department of Environmental Regulation 
flame ionization detector 
Florida Natural Areas Inventory 
Florida Surface Water Quality Standards 
feet per day 
square foot per day 
foot per foot 
foot per second 

GC gas chromatograph 
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GLOSSARY (Continued) 

HEAST 
HHCPCs 
HHRA 
HI 
HQ 
HSA 

IAS 
ID 
IDW 
IEUBK 
IRP 
IRIS 

kg 
kg/day 

LCS 
L&JO 
LEL 
R/min 

MAG 
MCL 
P&J 
,umho/cm 
mg/k 
w/kg - day 
MS/MSD 

NAS 
NEESA 
NERI 
NFA 
NFWMD 
NGVD 
NOAA 
NOEL 
NTU 

OD 
OLF 
OME 
OVA 

Health Effects Assessment Summary Tables 
Human Health chemicals of Potential Concern 
human health risk assessment 
Hazard Index 
Hazard Quotient 
hollow-stem auger 

Initial Assessment Study 
inner diameter 
investigative-derived wastes 
Integrated Exposure Uptake Biokinetic 
Installation Restoration Program 
Integrated Risk Information System 

kilograms 
kilograms per day 
octanol-water partition coefficient 
permeability constants 

laboratory control samples 
lethal dose to 50 percent of test population 
low effects level 
liter per minute 

magnetometer 
maximum contaminant level 
microgram per liter 
micromhos per centimeter 
milligrams per kilogram 
milligrams per kilogram per day 
matrix spike/matrix spike duplicate 

Naval Air Station 
Naval Energy and Environmental Support Activity 
Northeast Research Institute 
no further action 
Northwest Florida Water Management District 
National Geodetic Vertical Datum of 1929 
National Oceanic and Atmospheric Administration 
no-observed-effect-level 
nephelometric turbidity units 

outer diameter 
outlying landing field 
Ontario Ministry of the Environment 
organic vapor analyzer 
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PA 
PAH 

PARCC 

PCB 
PCE 
PCPT 
PDE 
PEF 
PPE 
wm 
PVC 
%R 

QA 
QAP 
QAPP 
QC 

RAGS 
- RBC 

RCRA 
RfC 
RFD 
RGO 
RI/FS 
RME 
RPD 
RTVs 

SARA 

SDG 
SFF 
w 

SOP 
SOUTHNAV- 

FACENGCOM 
SPT 
SQG 
su 
svocs 

TAL 
TCE 
TCL 
TDS 
TEF 
TIC 

if@-? 

GLOSSARY (Continued) 

Preliminary Assessment 
polynuclear aromatic hydrocarbon (also, polycyclic aromatic 
hydrocarbon) 
precision, accuracy, representativeness, comparability, and 
completeness 
polychlorinated biphenyl 
perchloroethylene 
piezocone penetrometer test 
potential dietary exposure 
particulate emission factor 
personal protective equipment 
parts per million 
polyvinyl chloride 
Percent Recovery 

quality assurance 
Quality Assurance Plan 
Quality Assurance Project Plan 
quality control 

risk assessment guidance for Superfund 
risk-based concentration 
Resource Conservation and Recovery Act of 1976, as amended 
Reference Concentration 
reference dose 
remedial goal option 
Remedial Investigation/Feasibility Study 
reasonable maximum exposure 
Relative Percent Difference 
Reference Toxicity Values 

Superfund Amendments and Reauthorization Act of 1986 
sample delivery group 
site foraging frequency 
Servicemark 
Standard Operating Procedure 

Southern Division, Naval Facilities Engineering Command 
standard penetration test 
sediment quality goals 
standard units 
semivolatile organic compounds 

target analyte list 
trichloroethene 
target compound list 
Total Dissolved Solids 
toxicity equivalency factor 
tentatively identified compound 
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TKN 
TM 

TOC 
TPH 
TVOC 

UB 
UCL 
USDA 
USEPA 
USGS 
uses 
UXB 

voc 
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total Kjeldahl nitrogen 
Trademark 
total organic carbon 
total petroleum hydrocarbons 
total volatile organic compounds 

upper bound 
Upper Confidence Limit 
U.S. Department of Agriculture 
U.S. Environmental Protection Agency 
U.S. Geological Survey 
Unified Soil Classification System 
UXB International, Inc. 

volatile organic compound 
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1.0 INTRODUCTION 

This report presents a summary of basic station information, including geography, 
physiography, climate, soil, regional geology, hydrogeology, investigation and 
assessment methodology, and findings relative to background chemical concentra- 
tions to support conclusions and recommendations of Remedial Investigation (RI) 
reports for the Naval Air Station (NAS) Whiting Field, Milton, Florida, (Figure 
l-l). The RIs are being conducted at NAS Whiting Field in accordance with the 
Comprehensive Environmental Response Compensation and Liability Act (CERCLA) of 
1980 amended by the 1986 Superfund Amendments and Reauthorization Act (SARA), as 
directed in Executive Order 12580 of January 1987, the Department of Defense 
(DOD) conducts an Installation Restoration (IR) program for evaluating and 
remediating previous releases and disposal of toxic and hazardous materials at 
DOD facilities. Twenty-eight sites requiring additional investigation have been 
identified at NAS Whiting Field. The individual sites are listed in Table l-l 
and the site locations are shown on Figure l-2. 

1.1 PURPOSE. The purpose of the RI activities at NAS Whiting Field is to 
provide data that will be used to 

. determine the nature and extent of releases from individual sites; 

. characterize the potential pathways of contaminant migration in the 
soil, surface water, and groundwater; 

. identify potential receptors; 

. assess potential risks to human health and the environment; and 

. determine whether contaminants released from individual sites require 
corrective measures to mitigate the risk to human health or the 
environment. 

Based on the RI results, no further action may be proposed or additional 
investigation or a feasibility study and remedial action may initiated at one or 
all of the sites. 

1.2 SCOPE. RI field activities at NAS Whiting Field have occurred in three 
phases: Phase I occurred from December 1990 through May 1991; Phase IIA occurred 
from April 1992 through February 1994, and Phase IIB was initiated in May 1995 
and is ongoing. Field activities at NAS Whiting Field included the following 
tasks: 

. 

, 

. 

. 

WHT-RIFS.GIR 
PMW.Ol.98 

monitoring well and piezometer installation; 

surface and subsurface soil sample collection; 

surface water and sediment sample collection; 

passive and active soil gas; 

l-l 
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Table 1-l 
Summary of Potential Disposal Sites 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Site No. Site Name and Type Location Period of Operation Types of Material Disposed Comments 

1 Northwest Disposal Area North Field, west side 1943 to 1965 Refuse, waste paints, thinners, Secondary disposal area during this 
(landfill) solvents, waste oils, and period; site covers 5 acres. 

hydraulic fluids. 

2 Northwest Open Disposal Area North Field, west side 1976 to 1984 Construction and demolition Former borrow pit location, com- 
(landfill) debris, tires, and furniture. monly referred to as the “Wood 

Dump.” 

3 Underground Waste Solvent North Field, south of Building 1980 to 1984 Waste solvents, paint stripping Wastes generated by paint stripping 
Storage Area (tank) 2941 residue, and 120-gallon spill. operations. 

4 North AVGAS Tank Sludge North Field, north of Tow 1943 to 1968 Tank bottom sludge containing Sludge disposal in shallow holes 
Disposal Area Lane tetraethyl lead. near tanks. 

5 Battery Acid Seepage Pit South Field, southwest of 1964 to 1984 Waste electrolyte solution con- Pits located 110 feet from potable 
(contaminated soil) Building 1454 taining heavy metals and waste supply well (WS2). 

battery acid. 

6 South Transformer Oil Dispos- South Field, southeast of 1940s to 1960s PCB-contaminated dielectric Disposal in “O-2” drainage ditch. 
al Area (contaminated soil) Building 1454 fluid. 

7 South AVGAS Tank Sludge South Field, west of Building 1943 to 1968 Tank bottom sludge containing Sludge disposed of in shallow holes 
Disposal Area (landfill and 1406 tetraethyf lead. near tanks. 
tanks) 

8 AVGAS Fuel Spill Area South Field, south of Building Summer 1972 AVGAS containing tetraethyl Fuel spill of about 25,000 gallons on 
(contaminated soil) 1406 lead. an area of about 2 acres. 

9 Waste Fuel Disposal Pit South Field, east side 1950s to 1960s Waste AVGAS containing tetra- Fuel disposed of in former borrow 
(landfill) ethyl lead. pit. 

10 Southeast Open Disposal Area South Field, southeast area 1965 to 1973 Construction and demolition de- Secondary disposal area during this 
(A) (landfill) bris, waste solvents, paint, oils, period; site covers about 4 acres. 

hydraulic fluid, PCBs, pesti- 
cides, and herbicides. 

11 Southeast Open Disposal Area South Field, southeast area 1943 to 1970 Construction and demolition Secondary disposal area during this 
(B) (landfill) debris, waste solvents, paint, period; site covers about 3 acres. 

oils, hydraulic fluid, and PCBs. 

See notes at end of table. 



Table l-l (Continued) 
Summary of Potential Disposal Sites 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Site No. Site Name and Type Location Period of Operation Types of Material Disposed Comments 

12 Tetraethyl Lead Disposal Area South Field, southeast area May 1, 1968 Tank bottom sludge and fuel Disposal area posted with warning; 
(waste pile) filters contaminated with tetra- site consists of two earth-covered 

ethyl lead. mounds; 25-foot by 25-foot area. 

13 Sanitary Landfill (landfill) South Field, southeast area 1979 to 1984 Refuse, waste solvents, paint, Primary sanitary landfill, potentially 
hydraulic fluids, and asbestos. received hazardous wastes the first 

year of operation. 

14 Short-Term Sanitary Landfill South Field, southeast area 1978 to 1979 Refuse, waste solvents, oils, Primary sanitary landfill for brief 
(landfill) paint, and hydraulic fluids. period; relocated due to drainage 

problems. 

15 Southwest Landfill (landfill) South Field, southwest area 1965 to 1979 Refuse, waste paints, oils, sol- Primary landfill for this time period; 
vents, thinners, asbestos, and covers about 15 acres. 
hydraulic fluid. 

16 Open Disposal and Burning South Field, southwest area 1943 to 1965 Refuse, waste paints, oils, sol- Primary disposal area for this time 
Area (landfill) vents, thinners, PCBs, and hy- period; covers about 10 acres. 

draulic fluid. 

17 Crash Crew Training Area North Field, west side 1951 to 1991 JP-5 or aviation fuel. Waste fuels and some solvents ignit- 
(contaminated soil) ed, then extinguished. 

18 Crash Crew Training Area North Field, west side 1951 to 1991 JP-5 or aviation fuel. Waste fuels and some solvents ignit- 
(contaminated soil) ed, then extinguished. 

29 Auto Hobby Shop Area around Building 1404 1940s to 1990 Paint, oils, and solvents, Abandoned underground waste oil 
tanks. 

30 South Field Maintenance Area around Building 1406 1940s to present Fuels, solvents, and oils. Abandoned underground waste oil 
Hangar tanks, 

31 Sludge Drying Beds and Waste Water Treatment Plant 1940s to 1990 Waste Water Treatment Plant Sludge from beds spread on ground 
Disposal Areas and along perimeter roads sludge. along perimeter road. 

32 North Field Maintenance Area around Building 1424 1940s to present Fuels, solvents, and oils, Abandoned underground waste oil 
Hangar tanks. 

See notes at end of table. 



Table l-1 (Continued) 
Summary of Potential Disposal Sites 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Site No. Site Name and Type Location Period of Operation Types of Material Disposed Comments 

33 Midfield Maintenance Hangar Area around Building 1454 1940’s to present Fuels, solvents, and oils, Abandoned underground waste oil 
tanks. 

35 Public Works Maintenance Industrial Area, Building 1429 1943 to present Fuel, oil, solvents. A service station with a pump island 
Facility, Building 1429 and seven USTs were formerly at 

this site. The station was used for 
maintenance of vehicles and equip- 
ment, Three USTs were abandoned 
in 1984. 

36 Auto Repair Booth, Building Industrial Area, Building 1943 to early 1980s Oil, grease, fuel, and solvents. Site was used as auto repair booth 
1440A 1440A and has UST located on the east 

side of the building. 

37 Paint Spray Booth, Building Industrial Area, Building 1486 1943 to 1980s Paint and solvents. This building contained a furniture 

1486 shop and paint spray booth. Fumes 
from the painting operations were 
captured and combined with water, 
then discharged to the sanitary sew- 
er. 

38 Golf Course Maintenance Northeast Perimeter Road, Unknown to 1994 Metals, solvents, grease, and Battery reconditioning was conduct- 
Building, Building 2877 golf course pesticides. ed in this building until 1979. Pesti- 

cides were also stored and mixed in 
the building until 1983. 

39 Clear Creek Flood Plain Southwest Perimeter Road Unknown Potential solvents, oil, and fuel. Stormwater has been discharged to 
the area and rusted drums were 
found in the floodplain in 1992. 

Site 34 was initially designated for the former base laundry; however, based on a record search and site history review, the site was removed from the program. 

Notes: AVGAS = aviation gasoline. 
PCB = polychlorinated biphenyl. 
JP-5 = jet propellant 6. 
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,n. 
. in situ groundwater sample collection; 

. groundwater sample collection; 

. monitoring well, piezometer, and sample location topographic survey; 

. in situ slug testing of aquifer properties at selected monitoring wells 
and piezometers; 

. surface geophysical surveys and confirmation test pit sampling; 

. periodic groundwater elevation measurements; 

. biological inventory of terrestrial and aquatic habitats; and 

. laboratory analyses of selected parameters. 

This report describes (1) existing site conditions (2) data gathering methods or 
activities for background samples and environmental samples from individual sites 
(3) human health and ecological risk assessment methodology; and (4) findings of 
the background investigations. 

The General Information Report is divided into four chapters. Chapter 1.0 
provides general background information for NAS Whiting Field. Literature and 
previous investigative data are presented for regional geography, climate, soil, 
geology, and hydrogeology. Much of this information has been previously 

*f+- 
presented in the Technical Memorandum series completed for the individual phases 
of the RI. 

Chapter 2.0 of this report describes the field methods and procedures used for 
collection, analysis, and evaluation of environmental samples at NAS Whiting 
Field. Chapter 2.0 also describes how data quality will be assessed based on 
field quality assurance and quality control (QA/QC) procedures and laboratory 
performance, and presents the methodology to be used for human health and 
ecological risk assessment. 

Chapter 3.0 presents the findings from background assessment activities. These 
findings include the analytical result for chemical analysis of background 
samples, results of ecological habitat surveys, and identification of rare and 
endangered species. 

Chapter 4.0 is a summary of the Stationwide background conditions, including the 
physical and chemical conditions of all media The information presented in this 
report provides a background and basis for understanding the findings from field 
measurements and chemical analyses of media samples collected during field 
activities. 

Subsequent reports will present the specific findings for geology, hydrogeology, 
biology, and contamination in surface and subsurface soil, surface water, 
sediment, sludge, and groundwater for a specific site at NAS Whiting Field. Each 
report will summarize site-specific findings, present an assessment of risks to 
human and ecological receptors, and recommend further investigations or 

Fa, corrective measures for each site. 
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1.3 NAS WHITING FIELD INSTALLATION DESCRIPTION. NAS Whiting Field is located 
in northwest Florida approximately 7 miles north of Milton (Figure l-l) and 20 f--x 

miles northeast of Pensacola. NAS Whiting Field currently consists of two air 
fields separated by an industrial area and covers approximately 2,560 acres in 
Santa Rosa County. Figure l-2 presents the installation layout. 

NAS Whiting Field, home of Training Air Wing Five was constructed in the early 
1940s. It was commissioned as the Naval Auxiliary Air Station Whiting Field in 
July 1943 and has served as a naval aviation training facility since then. The 
field's mission has been to train student naval aviators in the use of basic 
instruments, formation and tactic phases of fixed-wing and propeller-driven 
aircraft, and in the basic and advanced portions of helicopter training. A 
detailed discussion of the former facility operations and disposal history is 
presented in Appendix A. 

Located on an upland area, elevations at NAS Whiting Field range from 150 to 190 
feet above sea level. The facility is bounded by low-lying receiving waters; 
Clear Creek to the west and south and Big Coldwater Creek to the east. These two 
streams are tributaries of the Blackwater River, which discharges to the 
estuarine waters of the East Bay of the Escambia Bay coastal system. 

1.4 EXISTING SITE CONDITIONS. The following subsections present a summary of 
the existing conditions common to all sites at NAS Whiting Field. 

1.4.1 Geography, Demopraphy. and Land Use Agricultural and forestry are the 
primary land use in adjacent areas surrounding the facility. Residential homes 
and businesses are located within several miles to the southwest of the facility 
comprising the city of Milton. Wetlands are present along Clear Creek to the 
west of the facility and along Big Coldwater Creek to the east of the facility. 

1.4.2 Physioaraphy and Topography The majority of Santa Rosa County, including 
NAS Whiting Field, is located in the WesternHighlands subdivision of the Coastal 
Plain Physiographic province (Marsh, 1966). The Western Highlands subdivision 
consists of a well drained southward sloping plateau that has been eroded by 
numerous streams (Scott, 1992). Three marine shorelines can be recognized from 
existing topographic profiles across Escambia and Santa Rosa Counties. The 
shoreline at 30 feet above National Geodetic Vertical Datum (NGVD) of 1929 is 
visible as the Pimlico terrace; the Penholoway terrace represents the relic 
shoreline at 70 feet above NGVD, and the third shoreline is a seaward sloping 
upland surface ranging from 70 to 270 feet above NGVD (Marsh, 1966). 

NAS Whiting Field is located on an escarpment between Big Coldwater Creek to the 
east and Clear Creek to the west. Both creeks are tributaries of the Blackwater 
River. Elevations in the area range from 30 to 190 feet above mean sea level. 
A drop in elevation by as much as 100 feet reflects the relatively steep scarps 
on the west, east, and south flanks of NAS Whiting Field. 

Erosion was initially a concern as the land surface was cleared during 
construction of the north and south air fields in the early 1940s. Soil 
conservation measures in the form of extensive contouring and construction of 
lined ditches were instituted to control surface water runoff from the upland 
areas of the base. The drainage ditch system conveys surface water runoff from 
NAS Whiting Field to Clear Creek on the western site boundary and Big Coldwater 
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Creek to the southeast (Geraghty 6 Miller, 1986). The constructed drainage ditch 

P, 
features are shown on Figure l-3. 

1.4.3 Climate Background information on the climate was taken from the 
verification study (Geraghty & Miller, 1986). The climate of northwest Florida 
is generally humid and subtropical, with warm summers and mild winters. 
Temperatures average 81 degrees Fahrenheit ("F) in the summer and 54 "F during 
the winter months. Rainfall is abundant, generally ranging from 55 to 67 inches 
per year. During the fall months, short-term dry spells are frequent. 

The two dominant wet periods occur in late winter or early spring and during June 
through August. The period occurring during late winter and early spring is 
generally the result of thunderstorm activity caused by warm, moist air moving 
in from the Gulf of Mexico. 

1.4.4 Soil Types Nine soil types are present within the boundaries of NAS 
Whiting Field based on a review of the Soil Survey of Santa Rosa County, Florida 
(U. S. Department of Agriculture [USDA], Soil Conservation Service, 1980). The 
RI sites are associated with seven of the nine soil types, including Troup :loamy 
sand, Lakeland sand, Dothan fine sandy loam, Lucy loamy sand, Orangeburg :sandy 
loam, Bonifay sandy loam, and Bibb-Kingston soil association. A review o:f the 
soil types associated with the RI sites indicate the following five dominant soil 
types: Troup loamy sand, Lakeland sand, Dothan fine sandy loam, Lucy loamy sand, 
and Bonifay sandy loam. In addition, a review of the individual soil type 
descriptions indicated similarities in texture and mineral content between the 
Dothan fine loamy sand, Lucy loamy sand, and Bonifay loamy sand. Therefore, for 

f-l 
the purposes of the RI, these three soil types have been combined t0gethe.r and 
will be treated as a single unit. 

The associations between the soil types and RI sites are shown in Table l-2. The 
areas of occurrence for the individual soil types and approximate RI site 
locations are presented on Figure l-4. 

1.4.5 Regional Geoloav NAS Whiting Field is underlain by a thick sequence of 
Tertiary sedimentary formations. A generalized geologic column of these 
formations is presented on Figure l-5. Figure l-6 presents a geologic cross 
section across Escambia and Santa Rosa counties. 

The oldest formation studied by the U.S. Geological Survey (USGS) in the 
panhandle area (Escambia and Santa Rosa Counties) is the Hatchetigbee Formation 
of the early Eocene series. This formation is composed of silty clay with beds 
of glauconitic shale and shaly limestone. The average thickness of the 
Hatchetigbee Formation is 315 feet (Marsh, 1966). 

Overlying the Hatchetigbee is the Tallahatta Formation of middle Eocene, ,which 
consists of shale and siltstone deposits interbedded with gray limestone and 
well-sorted sand. Above the Tallahatta is the Lisbon equivalent that has been 
correlated with the Lisbon Formation of Alabama. The Lisbon is approximately 500 
feet thick and consists of a shaly limestone (Marsh, 1966; Scott, 1992). 

The upper Eocene series is representedby the Ocala Group. The Ocala is a light- 
gray limestone and averages 165 feet in thickness. Fifty-seven species of 

, Foraminifera were identified in this group. Unconformably overlying the Ocala 
is the Bucatunna Clay member of the Byram Formation. The Bucatunna is a dark 
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Table l-2 
Summary of Remedial investigation Sites and Associated Soil Types 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

RI Site Number RI Site Name Associated Soil Type 

1 Northwest Disposal Area Troup loamy sand 

2 Northwest Open Disposal Area Troup loamy sand and Lakeland 
sand 

3 Underground Waste Solvent Troup loamy sand 
Storage Area 

4 North AVGAS Tank Sludge Troup loamy sand 
Disposal Area 

5 Battery Acid Seepage Pit Troup loamy sand 

6 South Transformer Oil Disposal Troup loamy sand 
Area 

7 South AVGAS Tank Sludge Troup loamy sand 
Disposal Area 

8 AVGAS Fuel Spill Area Troup loamy sand 

9 Waste Fuel Disposal Pit Troup loamy sand and Fuquay 
loamy sand 

10 Southeast Open Disposal Troup loamy sand 
Area A 

11 Southeast Open Disposal Troup loamy sand and Dothan fine 
Area B sandy loam 

12 Tetraethyl Lead Disposal Area Troup loamy sand 

13 Sanitary Landfill Troup loamy sand and Lucy loamy 
sand 

14 Short-Term Sanitary Landfill Lucy loamy sand 

15 Southwest Landfill Troup loamy sand and Bonifay 
loamy sand 

16 Open Disposal and Burning Troup loamy sand and Lakeland 
Area sand 

17 Crash Crew Training Area A Troup loamy sand and Orangeburg 
sandy loam 

18 Crash Crew Training Area B Lakeland sand and Troup loamy 
sand 

29 Automotive Hobby Shop Troup loamy sand 

30 South Field Maintenance Troup loamy sand 
Hangar Area 

31A Former Sludge Drying Beds Troup loamy sand 

31B Sludge Disposal Area Bonifay loamy sand and Troup 
loamy sand 

31C, 31D Sludge Disposal Area Troup loamy sand 

31E, 31F Liquid Sludge Disposal Area Troup loamy sand 

See notes at end of table. 
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Table l-2 (Continued) 
Summary of Remedial Investigation Sites and Associated Soil Types 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

RI Site Number 

32 

33 

RI Site Name 

North Field Maintenance 
Hangar Area 

Midfield Maintenance Hangar 
Area 

Paint Spray Booth 

Auto Repair Booth 

Public Works Maintenance 
Facility 

Former Golf Course Mainte- 
nance Shop 

Clear Creek Floodplain 

Associated Soil Type 

Troup loamy sand 

Troup loamy sand 

35 

36 

37 

38 

39 

Troup loamy sand 

Troup loamy sand 

Troup loamy sand 

Troup loamy sand 

Bibb-Kingston, Troup loamy sand, 
and Lakeland sand 

Notes: RI = Remedial Investigation. 
AVGAS = aviation gasoline. 
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GENERALIZED GEOLOGIC COLUMN 
OF FORMATIONS IN THE WESTERN FLORIDA PANHANDLE 

THICKNESS SERIES 
GRAPHIC 
SECTION 

FORMATION 

APPpAlgE PLEISTOCENE MARINE TERRACE DEPOStTS : Sand, light tan, fine to coarse 

2x-4wfeet 

places. Fossils extremely scarce except near the coast 
where shell beds may be the marine equivalent of the 
fluvial facies of the Ciironelle. 

MIOCENE COARSE CLASTICS : Fossiliferous sand with 
lenses of clay and gravel. Sand is light-gray to light-brown, 
very fine to very coarse and poorly sorted. Fossils 

loo-3oofeet abundant, mostly minute mollusks. Contains a few zones 
of carbonaceous material. Lower part of coarse clastiis 
present only in northern part of area, interfingering with 
Pensacola Clay in the central part. 

PENSACOLA CLAY : Formation consists of an Upper 
Member and Lower Member of dark-to-fight-gray, tough, 
sandy clay; separated by the Escambia Sand Member of 
gray, fine to coarse, quartz sand. Contains carbonized 

loo-25ofeet 
plant fragments, and abundant mollusks and foraminifers. 

loo-16ofeet 

loo-15ofeet 

of gray limestone an 

Source: Modified from Marsh; 1966. NOTE: 
NAS = Naval Air Station 
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gray soft clay averaging 125 feet in thickness throughout the western Florida 
Panhandle (Marsh, 1966; Scott, 1992). 

The Chickasawhay Limestone and Tampa Formation are so similar in the western 
Panhandle that they are presented as undifferentiated on the geologic column. 
The Chickasawhay is a gray dolomitic limestone, and the Tampa is a light gray to 
white hard limestone (generally not dolomitic). These undifferentiated sediments 
range in thickness from 30 to 270 feet in western Florida; however, they are 
believed to be between 100 and ,150 feet thick in northern Santa Rosa County 
(Marsh, 1966; Scott, 1992). 

Above the Chickasawhay-Tampa Formation lies the Pensacola clay, which consists 
of an upper and lower member of dark to light gray, sandy clay. These two 
members are separated by the Escambia sand member of gray, fine- to coarse- 
grained sand (Marsh, 1966; Scott, 1992). The upper member of the Pensacola clay 
is not present in the immediate vicinity of NAS Whiting Field and the lower 
member is believed to pinch out north of the installation (Marsh, 1966). 

Miocene coarse elastics, however, are present throughout the western Florida 
Panhandle. These coarse elastics are described as brown to gray, poorly sorted 
sand and gravel with thick lenses of clay. These sediments overlie the 
Chickasawhay limestone in the vicinity of NAS .Whiting Field (Marsh, 1966). 

The Citronelle Formation of Pleistocene age overlies the Miocene coarse elastics 
and is very similar in composition. The two units are differentiated by the 
abundance of shells in the Miocene coarse elastics. The thickness of the 
Citronelle Formation ranges from 40 to 800 feet in westernmost Florida, and 
between 250 and 400 feet in northern Santa Rosa County. The Citronelle Formation 
also contains layers of fossil wood, limonite cemented zones, shells, and 
kaolinitic burrows of aquatic animals (Marsh, 1966; Scott, 1992). 

The marine terrace deposits mentioned above are thin in comparison to the 
Citronelle Formation and are indistinguishable from Citronelle sediments. They 
are typically included in the average thickness of the formation (Marsh, 1966). 

In Escambia and Santa Rosa Counties, the Citronelle Formation consists 
principally of quartz sand that contains numerous lenses, beds, and stringers of 
clay and gravel. The lithology changes abruptly over short distances. The sand 
is typically light yellowish brown to reddish brown, although some is white or 
light gray. The grains are typically angular to subangular and very poorly 
sorted, ranging from very fine- to very coarse-grained. Clay occurs in lenses 
as thick as 60 feet and is primarily white or grey in color, although lavender 
and yellow brown are not uncommon. The rapid facies changes, absence of fossils, 
and presence of sand and gravel suggest that the shallow sediments of the sand 
and gravel aquifer were deposited in an environment similar to the current 

,Mississippi River delta. The sediments were probably deposited in stream 
channels that continually shifted back and forth across the face of the delta. 
The clay lenses were deposited in quiet pools or abandoned channels whereas the 
gravel was deposited in swift moving streams nearby (Musgrove et al., 1965). 

All the formations (down to the Cretaceous period deposits) in Santa Rosa County 
dip toward the southwest. The dip is a result of the location of the area on the 
east flank of the Mississippi embayment (influencing a westward dip) and the - 
northern flank of the Gulf Coast Geosyncline (creating a southward dip) (Marsh, 

WHT-RIFS.GIR 
PMW.Ol.99 1-16 



1966). The Gulf Coast geosyncline, located slightly south of the present 
&f-Y coastline, was createdby subsidence during deposition of 50,000 feet of Tertiary 

deposits. The local structure created by these regional features is a simple 
homocline with few faults and folds in northern Santa Rosa County. 

1.4.6 RePional Hvdroloav The following subsection describes the general 
information available for surface water and groundwater in the vicinity of NAS 
Whiting Field. In addition to the surface water, groundwater in northwest 
Florida occurs within three major zones. These zones are referred to as aquifer 
systems and include the surficial aquifer system (referred to as the sand-and- 
gravel aquifer in the western panhandle), the intermediate system, and the 
Floridan aquifer system (Northwest Florida Water Management District [NWFWMD] 
1982; Scott, 1992). Figure l-7 presents a generalized Hydrostratigraphic column 
for Escambia and Santa Rosa Counties. 

1.4.6.1 Surface Water Nas Whiting Field is located on a plateau that is bound 
by the receiving waters, Clear Creek to the west and south, and Big Coldwater 
Creek to the east. These two creeks are tributaries to the Blackwater River 
located to the south. Clear Creek and Big Coldwater Creek are classified by 
Florida Department of Environmental Protection as Class III surface Waters. 
Florida Class III surface waters are suitable for the propagation of fish and 
aquatic life and for body contact recreation. The Blackwater River is classified 
as an Outstanding Florida River. The Outstanding Florida Water classification 
is considered to be of exceptional recreation and ecological significance. No 

- drinking water intakes exist downstream of NAS Whiting Field in either creek or 
in the Blackwater River. 

Because of the flat open nature of the airfield and the installation facilities, 
NAS Whiting Field is drained by an extensive storm sewer drainage system. The 
drainage system, shown on Figure l-3, was constructed in the mid 1940s. 
Extensive slope contouring and the construction of paved drainage ditches channel 
the waters to Clear Creek and Big Coldwater Creek. 

Big Coldwater Creek is gauged by the USGS at Santa Rosa County Road 191, located 
1.7 miles east of the NAS Whiting Field eastern boundary. This location has been 
gauged since the 1940s. Average annual discharge for Big Coldwater Creek ranges 
between 500 and 600 cubic feet per second (ft3/sec). Annual discharge per square 
mile ranges from 2.40 to 3.13 ft3/sec. The drainage area for Big Coldwater Creek 
is 237 square miles above the gauge. 

Clear Creek has been gauged south of NAS Whiting Field and flood discharge was 
measured during the period 1984 through 1987. The average annual discharge for 
Clear Creek has been estimated at between 40 to 66 ft3/sec. Clear Creek has a 
discharge area of 24 square miles. 

1.4.6.2 Surficial Aquifer (Sand and Gravel Aquifer) The sand-and-gravel aquifer 
is the major water-bearing unit in Santa Rosa County and the only aquifer studied 
in the NAS Whiting Field IR program. The aquifer consists of a complex sequence 
of sand, gravel, silt, and clay believed to be between 200 and 350 feet thick in 
the vicinity of the installation (Musgrove et al., 1965). The presence of clay 
layers interbedded in the sand and gravel aquifer often creates localized 
artesian conditions where the less permeable clay confines the aquifer. In some 
areas, the aquifer may be subdivided into upper and lower zones, which are 
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PLEISTOCENE . . . . . MARINE TERRACE DEPOSITS : Sand, tan, fine to coarse 
----------------------- 

SAND AND GRAVEL AQUIFER : Citronelle Formation : 
Sand with lenses of clay and gravel. Sand, 

PLEISTOCENE (7) 
light-yellowish-brown to reddish-brown, very fine to 
very coarse and poorly sorted. Hatdpan layers in upper 
part Logs and carbonaxous zones present in places. 

AQUICLUDE : Pensacola Clay : 
Formation Consists of an Upper Member and Lower 
Member of dark-to-light-gray, tough, sandy clay; 
separated by the Escambia Sand Member of gray, 
fine to coarse quartz sand. Contains carbonized plant 
fragments, and abundant molluska and foraminifers. 

UPPER MIDDLE 

AQUICLUDE : Tallahatta Formation : 
Shale and siitstone, light-gray, hard. 
Hatchetigbee Formation : Clay, gray to dark-gray, 
micaceous, silty, with beds of glauconitic shale, siltstone, 
and shaly limestone. Mollusks, foraminifers, corals, 
echinoids. Bashi Marl Member (about 10 feet thick) at base. 

SOURCE: Modified km Musgrove, 1965 td.arE 
NAS = Naval Air Station 

ED HYDROSTRATIGRAPHIC COLUMN 
OF ESCAMBIA AND SANTA ROSA COUNTIES GENERAL INFORMATION REPORT 
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separatedby layers of clay or clayey sand. These semiconfining layers typically 
are leaky, and the upper part serves as the primary source of water to the more 
productive lower zone of the aquifer. Groundwater can potentially move laterally 
along the semiconfining layers until it discharges into the local streams or 
other surface water features (NWFWMD, 1991; Scott, 1992). 

The aquifer is recharged entirely by rainfall. The western panhandle of Florida 
receives between 55 to 67 inches of rainfall per year (NWFWMD, 1988). 
Approximately 60 percent of the total volume of rainfall is returned to the water 
cycle by evapotranspiration before entering the aquifer systems. Water-level 
measurements suggest that the sand-and-gravel aquifer fluctuates with the amount 
of rainfall received in a recharge area. 

Virtually all of the groundwater used in Santa Rosa County is drawn from the 
sand-and-gravel aquifer. The water quality of the sand-and-gravel aquifer is 
satisfactory for most uses. The concentrations of naturally occurring ,total 
dissolved solids is low due to the insolubility of quartz sand through which the 
water migrates (Katz and Choquette, 1991; NWFWMD, 1991). However, rainwater 
dissolves carbon dioxide in the atmosphere, creating carbonic acid that lowers 
the pH of the groundwater. The pH may fall as low as 4.9 in some areas, which 
may result in high local concentrations of iron (Florida Geological Survey, 
1992). 

Hydraulic properties of the sand-and-gravel aquifer were studied throu,ghout 
Escambia County (NWFWMD, 1991). The study included transmissivity, hydraulic 
conductivity, thickness, and storativity. The results indicated that the 
transmissivity of the main producing zone is variable throughout the c(ounty 
(5,000 to 20,000 square feet per day [ft2/day]) and that the values from the 
western part of the county fall within the lower end of the range. The average 
storativity for the main producing zone is on the order of 1~10~~ (dimen,sion- 
less). Transmissivity calculated from multiwell aquifer tests ranged from 5,800 
to 7,800 ft2/day with storage coefficients of 2.9~10~~ to 5.7~10~~ (dimension- 
less). 

The NWFWMD conducted tests of hydraulic properties in 1986 and estimated that 
vertical hydraulic conductivities of the low permeability zone ranged from 0.03 
feet per day (ft/day) to 1.3 ft/day (NWFWMD, 1991). Variability in hydraulic 
conductivity values in the sand-and-gravel aquifer is likely a result of the wide 
range of grain sizes and variable grain size distributions that have been 
observed in the aquifer sediments. 

1.4.6.3 Intermediate Aquifer System The intermediate aquifer system in Escambia 
and Santa Rosa Counties is not a significant water-producing unit (Scott, 1992). 
The aquifer principally serves as a confining layer between the sand-and-gravel 
and upper Floridan aquifers. In the vicinity of NAS Whiting Field, the 'upper 
Pensacola clay is absent; thus, the Escambia sand, if present, is indistinguish- 
able from the sediment of the sand-and-gravel aquifer (Musgrove et al., 1965). 

1.4.6.4 Floridan Aquifer System The Floridan aquifer system is pr'esent 
throughout the Florida panhandle. The system is over 1,000 feet thick im the 
vicinity of NAS Whiting Field (Musgrove et al., 1965). In Santa Rosa and 
Escambia Counties, the system consists of an upper and lower aquifer sepa,rated 
by a confining layer (the Bucatauna Clay of the Byram Formation). The carblonate 
sequence, containing the upper and lower Floridan aquifers, dips below the level 
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of the Gulf of Mexico in Escambia County and becomes saline. Additionally, the 
carbonate rock is highly soluble in the acidic groundwater, which causes the 
water to be highly mineralized. Consequently, the aquifer is not commonly used 
as a source of water in the western part of the Florida panhandle (NWFWMD, 1982; 
Scott, 1992). 

/---I 

1.4.6.5 Inventory of Water Supply Wells Based on information provided by the 
NWFWMD, NAS Whiting Field Public Works Department, the City of Milton, and Point 
Baker Water Works, the potable and industrial water supply wells within 4 miles 
of NAS Whiting Field were identified. Table l-3 lists all of the wells and the 
types of use within selected distances of from NAS Whiting Field. All of the 
wells are screened in the sand-and-gravel aquifer. Figure l-8 shows the 
municipality water supply wells located within a 4-mile radius of NAS Whiting 
Field. Figure l-9 shows all of the potable wells , including residential wells, 
irrigation wells, and public supply wells located within a 4-mile radius of NAS 
Whiting field. Table B-l in Appendix B summarizes the construction details and 
well use for each the residential or supply wells identified in the survey. 

NAS Whiting Field Water Supply Wells. NAS Whiting Field potable water is 
currently supplied by three wells: North well, W-N4; South well, W-S2; and West 
well, W-W3. Six additional potable water supply wells were located at NAS 
Whiting Field; however, these wells were abandoned in place. Table l-4 
summarizes the construction details for all of the wells completed at the 
facility. The locations of the currently used wells are shown on Figure l-8. 
The three production wells are all screened in the sand and gravel aquifer from 
approximately 150 to 350 feet below land surface (bls). 

The water supply for NAS Whiting Field is obtained by pumping one of the three 
wells individually for a l-week period. The pumping well is typically turned on 
daily for approximately 6 hours return the water level in the four facility water 
towers to usage levels. Water from each of the potable supply wells is filtered 
through a granulated activated charcoal filter prior to use. The filtration is 
required because of concentrations of volatile organic compounds (VOCs) detected 
in samples from the wells. 

City of Milton Water Supply Wells. The city of Milton public water supply system 
consists of six wells. The well locations are shown on Figure l-8. City of 
Milton wells No. 1, No. 2, and No. 3 supply potable water to the east side of NAS 
Whiting Field, including residential areas on East Gate Road and along Red Bug 
Black Road (Figure l-8). City of Milton wells No. 4, No. 5 and No. 6 supply 
potable water to north Milton and the suburban areas to the north and west of 
Milton. 

Point Baker- Allentown Water SUPPLY Wells. The Point Baker water supply system 

operates a total of four wells. The well locations are shown on Figure l-8. The 
Point Baker supply wells No. 1, No. 3, and No. 5 are connected by pipelines to 
serve the population to the south and west of NAS Whiting Field. Point Baker 
well No. 4 is separate and serves the population located northwest of NAS Whiting 
Field along Route 87 and the community of Allentown. Point Baker well No. 2 is 
a dry well. 

Private Residential Wells. Sixty-four domestic wells have been identified within 
a 4-mile radius of NAS Whiting Field. Thirty-nine of the wells are located in T--x 
a potentially hydraulically downgradient direction (the determination of 
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Table l-3 
Inventory of Public and Private Wells* Located Within 4 Miles of NAS Whiting Field 

Remedial investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 1 

I Distance from Facility 
Boundary (Miles) 

Public Supply Wells** Domestic Wells Agricultural Wells Landscape Wells 
I 

0 to 0.5 0 4 0 1 

0.5 to 1 0 0 1 1 

1 to 2 3 10 1 8 

2 to 3 4 14 0 13 

3 to 4 2 36 3 38 

I Total 9 64 5 61 -1 

Notes: NAS = Naval Air Station. 
* = table does not include monitoring wells. 
** = includes limited public supply wells that are in use for less than 60 days a year. 
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Table 1-4 
Inventory of Wells Within 1 Mile of Disposal Sites 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
I 

I Well Designation 
I 

Owner 
Date 

Installed 

Casing 
Diameter 
(inches) 

Milton, Florida 

Surface Bottom of Well 
Elevation Elevation 
(ft msl) (ft msl) 

Screened Interval 
(ft msl) 

Gravel Pack 
Interval 
(ft msl) 

Status 

W-N1 Navy 

W-N2 Navy 

W-N3 Navy 

W-N4 Navy 

w-w1 Navy 

w-w2 Navy 

w-w3 Navy 

w-s1 Navy 

w-s2 Navy 

Source: Geraghty and Miller (1986). 

Notes: ft msl = feet at mean sea level. 
* = acc1M-narl 

1943 

1951 

1975 

1975 

1943 

1951 

1965 

1943 

1951 

16 

6112 

168.1 

171.5 

180.0 

197.6 

180.0 

181.5 

(-256.4) 

(-58.5) 

(-38) 

(-157.4) 

(-35.0) 

(-159.5) 

(-1.4) to (-31.4) 

(36.5) to (-23.4) 

14.1 to (-47.0) 

10.0 to (-30.0) 

12.0 to (-33.0) 

60 to (-31) 

80- 

17 to (-33)* 

Abandoned 1951 

Not in use 

Abandoned 1975 

In use 

Abandoned 1951 

Abandoned 1965 

In use 

Abandoned 1951 

In use 



potentially downgradient wells was arbitrarily set at all wells located south of 
the line separating Township T3N and T2N) In addition, 2 agricultural wells and - 

57 landscape wells are located within the survey area (Figure l-9). 

1.5 PREVIOUS FACILITY INVESTIGATIONS. Numerous investigations have been 
conducted at NAS Whiting Field prior to the implementation of the Phase IIB 
RI/FS. These investigations include an initial assessment study (IAS), 
verification study, and Phase I of the RI, which was conducted in response to 
CERCLA requirements. In addition, three other investigations havebeen completed 
at NAS Whiting Field. One investigation focused on the Battery Acid Seepage Pit 
(Site 5), and was initiated under a consent order with the Florida Department of 
Environmental Regulation (FDER, since redesignated as the Florida Department of 
Environmental Protection [FDEP]). A second investigation of six petroleum sites 
was conducted under the Navy's underground storage tank (UST) program. The third 
investigation, of the Clear Creek floodplain, was conducted concurrent with the 
Phase IIA investigation. Table l-5 presents the investigations previously 
completed and the following sections briefly summarize the investigations and 
results. 

IAS 1985. Historical records reviewed during the IAS (Envirodyne Engineers, 
1985) suggest that throughout its years of operation, NAS Whiting Field has 
generated a variety of wastes related to pilot training, the operation and 
maintenance of aircraft and ground support equipment, and facility maintenance 
programs. Figure l-2 provides a map showing the location of all sites that have 
been identified for investigation at NAS Whiting Field. Interviews with facility 
personnel and record reviews indicated that prior to the establishment of 
hazardous waste management programs and programs to recycle waste oil during the 
197Os, most of the hazardous wastes were reportedly disposed of on site. Waste 
materials were disposed of either in dumpsters that were emptied into onsite 
disposal areas or they went into waste-oil bowsers, which probably were used to 
generate practice fires during crash crew training activities. 

Envirodyne Engineers (1985) estimated that thousands of gallons of wastes, 
including waste paints, paint thinners, solvents, waste oils, waste gasoline, 
hydraulic fluids, aviation gasoline, tankbottom sludge, polychlorinatedbiphenyl 
(PCB) transformer fluids, and paint strippingwastewater, were potentially dumped 
into onsite disposal areas. These disposal areas consisted of natural or manmade 
depressions located within the confines of NAS Whiting Field. In addition to the 
waste materials routinely disposed of onsite in the disposal areas, additional 
materials have been reportedly released onsite as the result of accidents or 
equipment failure by Navy personnel (Envirodyne Engineers, 1985). Based on a 
review of historical data, aerial photographs, field inspections, and interviews 
with facility personnel, 16 disposal or spill sites that are likely sources of 
contaminant migration were initially identified at NAS Whiting Field by the IAS 
(Envirodyne Engineers, 1985). 

The IAS report (Envirodyne Engineers, 1985) concluded that 15 of the 16 sites 
warranted further investigation, under the Navy's IRprogram, to assess potential 
long-term impacts. Only one site, Site 2, the Northwest Open Disposal Area, was 
determined not to warrant further consideration (Envirodyne Engineers, 1985). 

A confirmation study was recommended by the IAS to evaluate the 15 sites N-N 
requiring further investigation. The recommendation included sampling and 
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Table 1-5 
Summary of Site Investigations 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Previous Studies 
RI/FS Site RI/FS 

Navy’s 
Site Name RI/FS RI/FS 

Number Verification Consent Phase I 
UST 

IAS Program 
Phase IIA Phase IIB 

Study Order 

1 Northwest Disposal Area * * * * * 

2 Northwest Open Disposal Area * * * * 

3 Underground Waste Solvent Storage Area * * * * * 

‘4/l 467 North AVGAS Tank Sludge Disposal Area * * * * 

5 Battery Acid Seepage Pit * * * * 

6 South Transformer Oil Disposal Area * * * * * 

‘7/l 466 South AVGAS Tank Sludge Disposal Area * * * * 

‘a/3054 AVGAS Fuel Spill Area * * * * 

9 Waste Fuel Disposal Pit * * * * * 

10 Southeast Open Disposal Area (A) * * * * * 

11 Southeast Open Disposal Area (B) * * * * * 

12 Tetraethyl Lead Disposal Area * * * * * 

13 Sanitary Landfill * * * * * 

14 Short-Term Sanitary Landfill * * * * * 

15 Southwest Landfill * * * * * 

16 Open Disposal and Burning Area * * * * * 

17 Crash Crew Training Area * * * * 

18 Crash Crew Training Area * * * * 

!9 Auto Hobby Shop * * 

IO South Field Maintenance Hangar Area * * 

I1 Sludge Drying Beds and Disposal Areas * * 

)2 North Field Maintenance Hangar Area * * 

t3 Midfield Maintenance Hangar Area * * 

see notes at end of table. 



Table 1-5 (Continued) 
Summary of Site Investigations 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

RI/FS Site 
Number 

Site Name 
I AS 

Previous Studies 
RI/FS 

Navy’s 
UST 

RI/FS RI/FS 
Verification Consent Phase I 

Study Order Program 
Phase IIA Phase IIB 

35 Public Works Maintenance Facility Building 1429 

36 Auto Repair Booth Building 1440A 

37 Paint Spray Booth Building 1486 

38 Golf Course Maintenance Building 2877 

39 Clear Creek Floodplain 

’ RI Site Number/UST Site Number. 

Notes: No site corresponds to the Site Number 34 at Naval Air Station Whiting Field. 
RI/FS = Remedial Investigation and Feasibility Study. 
IAS = Initial Assessment Study. 
UST = underground storage tank. 



monitoring of the sites to confirm the presence or absence of suspected 
contamination and to further quantify the extent of any problems that might exist 
(Envirodyne Engineers, 1985). 

Confirmation Studv. 1985-1986. The confirmation study consisted of two parts: 
verification and characterization. In June 1984, Geraghty & Miller, 'Inc., 
prepared for the Navy a plan of action for the verification study entitled 
Hydrogeologic Assessment and Groundwater Monitoring Plan, U.S. Naval Air IBase, 
Whiting Field, Florida (Geraghty & Miller, 1984), which was subsequlently 
submitted to the FDER. This plan outlined the details of the proposed sco'pe of 
work for the verification study. In December 1985, during discussions with'FDER, 
two sites (Sites 17 and 18) were added to the verification study. Both sites, 
in use since 1951, were locations where waste fuels and solvents were burned in 
crash crew training exercises. The results of the verification study provided 
an assessment of physical and chemical conditions existing at NAS Whiting Field 
(Geraghty & Miller, 1986). The conclusions of the study indicated that a 
characterization study was needed to further characterize the nature and extent 
of contamination at all sites. 

The three-phase (IAS, confirmation study, and remedial measures) IR program was 
modified in 1987-88 to be congruent with CERCLA and SARA regulatory requirements. 
The updated nomenclature included 

. preliminary assessment (PA), 

. site inspection (SI), 

. RI, 

. FS, and 

. planning and implementation of remedial design. 

Under the updated rules, the IAS became equivalent to a PA, and the first part 
of the confirmation study (the verification study) functioned as the SI. 
Subsequently, the characterization study was not performed, and the existing 
investigations were used to support the updated program. 

Battery Shop Site Investigation, 1985. In 1985, FDER issue a consent order for 
Site 5, Battery Acid Seepage Pit. Data from this investigation were compiled in 
a report entitled Detection and Monitoring Program, Battery Shop Site, Final 
Report, NAS Whiting Field, Florida (Geraghty 6 Miller, 1985) and submitted to 
FDER. Results indicated no significant contamination had resulted from past 
activities at the Battery Acid Shop, and it was recommended by FDER that the 
consent order be closed on April 15, 1987. 

Site 5 was not included in the Phase I RI; however, the presence of benzene in 
groundwater samples collected from the existing monitoring wells surrounding the 
seepage pit at Site 5 warranted further consideration during the RI investigation 
of Site 33. Sites 33 and 5 are located in the Midfield Industrial Area. 

Phase I RI 1990-1992. In December 1990, ABB Environmental Services, Inc. (ABB- 
ES), under contract to the Department of the Navy, Southern Division, Naval 
Facilities Engineering Command (SOUTHNAVFACENGCOM), initiated an RI at NAS 
Whiting Field. The objective of the Phase I of the RI was to characterize the 
nature and extent of contamination at sites identified during the IAS. The Phase 
I RI program addressed 14 of 18 previously identified sites at the installation 

P (Table l-5). Limited investigations were conducted at Sites 2 and 12 during the 
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Phase I RI because no contaminants had been detected during the verification 
study. Sites 4, 7, and 8 were not investigated during Phase I of the RI because 
they were under investigation by the Navy's UST program. Site 5 was not studied 
because no contamination attributable to the site was detected during the consent 
order. 

f---h 

No contamination attributable to Sites 2 and 12 was detected during the Phase I 
RI, and no further action (NFA) was proposed by the Navy for both sites. 
However, at a project managers meeting in Atlanta, Georgia, on November 13, 1992, 
U.S. Environmental Protection Agency (USEPA) and FDER requested that additional 
investigations be conducted at Sites 2 and 12 before NFA would be accepted. 
Subsequently, Sites 2 and 12 were included for further study within the IR 
program. 

Five additional sites were identified during the Phase I RI and subsequently 
added to the Phase IIA RI program for investigation. The site numbers and names 
are as follows: 

Site 29, Auto Hobby Shop 
Site 30, South Field Maintenance Hangar 
Site 31, Sludge Drying Beds and Disposal Areas 
Site 32, North Field Maintenance Hangar 
Site 33, Midfield Maintenance Hangar 

Site numbers 19 through 28 were not initially used at NAS Whiting Field because 
they identify sites located at Outlying Landing Field (OLF) Barin in Foley, 
Alabama. A separate investigation is being conducted at the OLF Barin sites. f-y 

Table l-l summarizes the historical information collected on the identified sites 
at NAS Whiting Field. 

UST Investigations, 1991-1994. RI Sites 4, 7, and 8 (also referred to as UST 
Sites 1467, 1466, and 3054, respectively) havebeen investigated under the Navy's 
UST program and were not incorporated into the Navy's IR program during Phase I. 
During a project managers meeting at Whiting Field on July 7, 1992, an agreement 
was reachedbetween the Navy, USEPA, and FDER to sample monitoring wells at Sites 
4 and 7 for full scan target compound list (TCL) and target analyte list (TAL) 
analytes. Based on the results of these analyses, a decision would be made 
regarding whether Sites 4 and 7 should remain in the Navy's UST program or be 
transferred into the Navy's IR program. The UST fieldwork was conducted between 
August 16 and 30, 1993, and included the collection of groundwater samples from 
11 monitoring wells at Site 4 (UST Site 1467) and 19 monitoring wells at Site 7 
(UST Site 1466). 

The results of the UST program investigation were reported in the Jurisdictional 
Assessment Report (ABB-ES, 1994). The report concluded that the benzene, 
toluene, ethylbenzene, and xylene (BTEX) and trichloroethene (TCE) plumes at 
Sites 4 and 7 are commingled and that petroleum contaminants could not be 
remediated without design considerations for TCE contamination. Based on these 
findings, the report recommended that the sites be returned to the IR program. 
Correspondence from USEPA and FDEP concurred with the recommendations that the 
sites be returned to the IR program. 
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Site 8 (UST Site 3054) was investigated under a separate contamination assessment 
conducted in August 1992 and July 1993. The results of the investigation were 
reported in the Contamination Assessment Report (CAR) addendum for Site 3054 (IR 
Site S), NAS Whiting Field, Milton, Florida (ABB-ES, 1993b). Based on the data 
presented in the CAR addendum, NFA was recommended for the site. In correspon- 
dence dated January 20, 1994, the FDEP formally accepted the NFA recommendations 
presented in the CAR addendum for Site 3054. The NFA recommendation was 
incorporated into a site rehabilitation completion order. 

Clear Creek Floodplain Investigation. In 1993, ABB-ES was contracted by 
SOUTHNAVFACENGCOM to conduct an investigation of Clear Creek adjoining Site 16 
at NAS Whiting Field. Sediment contamination of the Clear Creek Floodplain was 
detected during the Phase I RI and Phase IIA ecological survey. The objective 
of the floodplain investigation was to identify and characterize the nature and 
extent of contaminated sediment in the Clear Creek Floodplain in the vicinity of 
Site 16. In addition, ABB-ES would attempt to determine the source of 
contamination. To achieve this objective, field activities, including a 
geophysical survey, and sampling and analysis of sediment samples was completed. 

The results of the investigation suggest sediments from the Clear Creek 
Floodplain containVOCs, pesticides, PCBs, and metals at concentrations exceeding 
the background concentrations and sediment applicable or relevant and appropriate 
requirements (ARARs). Sediments that contain large percentages of organic 
materials appear to contain the majority of the contaminants due to their 

- adsorptive properties. The thickness of the organic-rich contaminated sediment 
is approximately 1 to 5 feet. The organic rich sediment is located at the land 
surface or under 1 to 5 feet of water within former beaver ponds, tributaries, 
and a bog. 

Phase II RI. The Phase II RI program was begun in May 1992 and is ongoing.. The 
initial plans for the Phase II investigation included potential receptors survey, 
plume characterization, production well investigation, and source area 
characterization. However, based on the results of the Phase I investigation, 
the Phase II investigation was subdivided into two parts: A and B. Phase IIA 
incorporated the additional investigation and site characterization required to 
describe the nature and extent of contamination, support the baseline risk 
assessment, and to support an FS. The scope of Phase IIB addressed additional 
identified data gaps for each of the perimeter road sites. 
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2.0 NAS WHITING FIELD RI PROGRAM ACTIVITIES 

,m. 

The purpose of this chapter is to present the approach to activities common to 
all aspects of the RI investigation at NAS Whiting Field. These facilitywide 
activities include sample collection , analysis, evaluation, and identification 
of ecological habitats and potential receptors. Background characterization 
consisted of collecting surface and subsurface soil, surface water, sediment, and 
groundwater samples from areas outside known site areas and industrial areas 
within the boundaries of the facility. A field reconnaissance was conductled to 
identify habitats and ecological receptors. 

Background and site investigations were planned using existing data as the basis 

for exploration. Adjustments in the field to procedures described in the RI 
workplans have been documented as additional data have become available or when 
procedures have been modified to meet site-specific field conditions. These 
modifications are in general compliance with standard procedures described in the 
RI workplans (E.C. Jordan, 1990 and ABB-ES, 1995d) and the USEPA Region IV 
Standard Operating Procedure (SOP) (USEPA, 1991a). Since the initiation of :field 
activities a continued effort has been made to incorporate newly developed TJSEPA 
SOPS and to respond appropriately to newly promulgated regulatory information. 

2.1 SUMMARY OF EXPLORATION AND SAMPLING PROGRAM. This section describes the 
data collection, management, and assessment process used during field activities 
for the NAS Whiting Field RI. The goal of the data-gathering process is to 
obtain site characterization data of known quality. These data are then used to 
identify contaminants that may pose an adverse risk to human health or the 
environment and, if necessary, design and conduct remedial measures at the 
individual sites, as well as to supplement future environmental investigations 
at NAS Whiting Field. The exploration and sampling program includes 'eight 
subtasks: 

. soil gas sampling, 

. geophysical investigation, 

. surface and subsurface soil sampling, 

. surface water and sediment sampling, 

. monitoring well installation, 

. groundwater sampling, 

. piezocone penetrometer/Bengt-Arne-Torstensson (BAT) sampling, and 

. hydrological investigations. 

2.1.1 Soil Gas Sampling As part of the RI, two separate soil gas investigations 
(passive and active) were conducted. A passive soil gas investigation was 
completed in the NAS Whiting Field Industrial area to identify pote,ntial 
contamination source areas. The second soil gas investigation was an active 
survey completed at the perimeter road landfill sites to assess potential methane 
gas releases. Each of the surveys are detailed below. 

2.1.1.1 Passive Soil Gas Sampling A passive soil gas investigation was 
conducted from June 15 through June 24, 1992. The passive soil gas survey was 
conducted at the industrial area Sites 3, 5, 6, 29, 30, 32, and 33 usin,g the 
PetrexN methodby Northeast Research Institute (NERI) of Farmington, Connecticut. 
The objective of the soil gas survey was to locate potential source areas of 

WHT-RIFS.GIR 
PMW.Ol.98 2-l 



contamination and, if possible, assess the horizontal extent of contamination. 
The results of the survey were used to locate soil borings and to collect 
subsurface soil samples in areas where VOCs were released to the environment. 

I---- 4 

The Petrex"" sampler consists of two collectors, each a ferromagnetic wire (made 
of nichrome) coated with an activated carbon adsorbent. The sampler wires are 
typically place in a shallow hole, 14 to 18 inches deep, within a protective 
glass container. The hole is then backfilled, and the location is marked. The 
sampler is left in the ground between 1 and 30 days, depending on the VOC loading 
rates. It is then retrieved and sealed for transportation to the laboratory for 
analysis. The length of time the sample is left in the ground is determined by 
a time sequence PetrexW test. 

The soil gas samples were shipped, under chain-of-custody protocols, to the NERI 
laboratory and analyzed for target VOCs: BTEK; tetrachloroethane (PCE), and TCE 
and target semivolatile organic compounds (SVOCs): cycloalkanes and naphtha- 
lenes. 

Details of the soil gas sample collection, analysis, results, and interpretations 
are documented in a summary report located in Appendix C of Technical Memorandum 
No. 3, Soil Assessment (ABB-ES, 1995b). 

2.1.1.2 Active Soil Gas Sampling An active soil gas investigation was conducted 
between June 27 and September 13, 1995, at landfill Sites 1, 9, 10, 11, 13, 14, 
15, and 16 along the perimeter road. The purpose of the active soil gas 
investigationwas to identify areas within the landfill disposal areas containing 
methane and other VOCs, determine if offsite migration of soil gas is occurring, 
and to gather preliminary data for a potential landfill cap remedial alternative. 

The soil gas survey locations were based on random origination points for a grid 
with lOO-foot by lOO-foot spacing over the area1 extent of the landfill disposal 
area. The grid area at each site was based on a previous geophysical survey 
discussed in Subsection 2.1.2. 

The soil gas samples were collected with the KVA Machon" System. The system uses 
an electric rotary hammer to advance a 5/8-inch hollow steel rod and steel drive 
point to the target sample depth. The target sampling depths for each grid 
location were 1.5 feet and 3.0 feetbls. At certain locations, soil gas was also 
monitored at depths of 4.5 and 6.0 feet bls. Upon reaching the sample depth, a 
peristaltic pump with silicone tubing was used to purge the sampling system and 
collect soil gas samples in Tedlar" bags. Soil gas samples could not be 
collected at certain monitored locations because of low soil permeability or 
water-saturated conditions. 

The soil gas samples were analyzed in the field for total volatile organic 
compounds (TVOCs) andmethane using an organic vapor analyzer (OVA) equippedwith 
a flame ionization detector (FID). At each location, soil gas concentrations 
were measured either with the PortaFid-IIM or the Foxboro OVA-128"". The maximum 
soil gas concentration that can be measured by the PortaFid-II" and the Foxboro 
OVA-128W are limited to 5,000 parts per million (ppm) and 1,000 ppm, respective- 
ly* If TVOCs were detected in a soil gas sample, an activated charcoal filter 
was attached to the OVA intake probe to determine methane concentration. 
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2.1.2 Geophvsical Investigation Geophysical surveys at NAS Whiting Field were 
conducted between May 26, 1992, and June 14, 1992, at eight of the Landfill and 
Disposal Area sites: Sites 1, 9, 10, 11, 13, 14, 15, and 16. 

The purpose of the geophysical surveys at NAS Whiting Field was to assess the 
lateral and vertical extent of waste disposal areas and locate buried metallic 
or nonmetallic objects that may indicate potential waste disposal areas.. In 
addition, geophysical methods were used to locate possible underground utility 
lines, fuel distribution lines, and other anthropogenic obstructions that may 
interfere with subsurface explorations. 

Geophysical methods used at the sites include electromagnetic (EM) induction, 
magnetometry (MAG), and direct current (DC) resistivity. The DC resistivity 
method used was the Wenner array. Blackhawk Geosciences, Inc., Golden, Colorado, 
was subcontracted by ABB-ES to conduct the geophysical tasks. A technical report 
describing the methodology, results, and conclusions of the geophysical survey 
was prepared in February 1993 (ABB-ES, 1993a). 

Data from the EM and MAG surveys were collected along north to south and east to 
west grid lines at a spacing of 20 or 40 feet. Data were typically collected at 
stations located at lo-foot intervals along each grid line, which was oriented 
with a magnetic compass and measuring tape. These stations were later surveyed 
by a Florida-licensed surveyor. 

- Two DC resistivity soundings were conducted at Site 13 and an additional two at 
Site 16 in an attempt to determine the depth of fill. 

P, 2.1.3 Soil Sampling The purpose of the soil sampling is to assess whether or 
not a prior release of contaminants has occurred at any of the specific sites. 
Background soil samples were collected to assess naturally occurring concentra- 
tions of potential contaminants in areas known not to be impacted by a release 
to the environment. Five types of soil sample collection methods were used 
during field investigative activities: surface soil, TerraProbew, hand auger, 
test pitting, and split-spoon sampler. 

Sampling equipment was decontaminated in general accordance with procedures 
presented in Appendix B of the USEPA Standard Operating Procedures and Quality 
Assurance Manual (SOPQAM) (USEPA, 1991a) and the project-specific quality 
assurance plan (QAP), presented in the RI workplan, Volume II (E.C. Jordan, 
1990). The soil samples were collected in general accordance with procedures 
discussed in the Sampling and Analysis Plan, Volume II of the RI workplan for NAS 
Whiting Field (E. C. Jordan, 1990). 

Field and laboratory methods used to analyze the soil samples are described in 
Section 2.2 of this report. The following subsections provide a description of 
the five methods used to collect soil samples. 

2.1.3.1 Surface Soil Sampling Surface soil samples were collected from the land 
surface to a maximum depth of 12 inches bls using a decontaminated stainless- 
steel spoon. To minimize volatilization, samples for VOC analyses were directly 
transferred to sample jars. Soil samples for all other analyses were thoroughly 
mixed in a Pyrex bowl prior to transferring into standard sample containers. 

n 
Soil samples were described and recorded in a bound field logbook by ABB-ES 
personnel using the Unified Soil Classification System (USCS). 
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The soil samples were placed on ice at 4 degrees Celsius ("C) and shipped in a 
cooler, under chain-of-custody protocols, to a Naval Energy and Environmental 
Support Activity (NEESA)-approved USEPA Contract Laboratory program (CLP) 
laboratory. 

2.1.3.2 TerraProbe= Soil Sampling The TerraProbew sampling system consists of 
avan equipped with a hydraulic ram. The hydraulic ram drives a threaded, l-inch 
outside diameter (OD), hollow-steel rod assembly attached to an interchangeable 
stainless-steel sleeve that is driven to the desired sample collection depth. 
At the soil sample collection depth, the tip of the TerraProbe% sampler was 
retracted from a rigid leading position. With hydraulic pressure applied to 
advance the sample collection sleeve, the tip of the sampler retracts upward 
within the sleeve and material enters the sample collection sleeve. Upon 
retrieval, the sample was extruded from the sample collection sleeve into a 
precleaned 8-ounce glass jar using a hydraulic piston. Each soil sample was then 
described and placed on ice for transport to the field screening laboratory. The 
results of the field screening analyses were used to select samples for 
laboratory confirmatory analysis. TerraProbew borings do not require grouting 
upon completion. 

2.1.3.3 Hand-Auger Soil Sampling Surface and subsurface soil samples were 
collected at shallow depths with a hand auger. Surface soil samples are 
collected from the 0 to 1 foot bls interval. Subsurface soil samples comprise 
samples from the l- to 6-foot bls (or greater if possible) interval. 

Surface and subsurface soil samples were collectedusing a decontaminated, 4-inch 
diameter, stainless-steel auger. The collected soil was removed from the auger 
with a stainless-steel spoon. Soil samples to be analyzed for VOCs were 

, -+--I 

collected directly from the lower portion of the auger and placed into precleaned 
sample collection containers. The soil sample remaining in the auger was 
transferred to a Pyrex container for mixing; representative aliquots were then 
placed in precleaned sample bottles. Each bottled fraction was then placed in 
a cooler with ice for shipment to the analytical laboratory. Soil samples 
collected for onsite field screening were handled in the same manner. 

2.1.3.4 Test Pitting Test pits were excavated at the perimeter road landfill 
sites following the completion of the geophysical survey. UXB International, 
Inc. (UXB), from Chantilly, Virginia, was subcontracted by ABB-ES to conduct the 
test pit excavations. 

Test pits were excavated at those locations where geophysical anomalies 
potentially defined buried materials. The purpose of the test pits were to 
characterize associated wastes by the description, collection, and analyses of 
subsurface soil samples. The analytical data were used to characterize the 
nature of soil contamination within the test pit. 

Prior to excavating each test pit, the proposed area1 dimensions and orientations 
of each test pit were surveyed by UXB with a hand-held magnetometer, a terrain 
conductivity meter, and, in some cases, a metal detector. 

Site-specific field activities for excavation of test pits included clearing of 
vegetation and surveying the test pit location with a terrain conductivity meter 
or magnetometer. After the test pit location and orientation had been 
determined, the four corners of the test pit were staked. The staked locations 

.T---%. 
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were referenced to the grid coordinates defined for the geophysical survey. A 
backhoe was used to excavate a rectangular trench or pit. 

The physical description of each soil layer and waste type was recorded in the 
field logbook during test pit excavation. 

Typically, one subsurface soil sample was collected from each test pit. No 
subsurface soil samples were collected from test pits that did not contain 
domestic or industrial wastes or other refuse. Soil samples for VOC analyses 
were collected with a decontaminated stainless-steel spoon directly from the 
backhoe bucket and placed into a sample jar. Additional sample portions were 
scooped from the backhoe bucket with a stainless-steel spoon, mixed thoroughly 
in a glass bowl, and then transferred to the appropriate standard sample 
containers. Each bottle fraction was then placed on ice in a cooler for shipment 
to an analytical laboratory. 

Following sample collection, each testpitwas backfilled with excavated soil and 
the backhoe arm and bucket were decontaminated with a steamcleaner prior to the 
excavation of the next test pit. 

2.1.3.5 Split-Spoon Soil Sampling Two types of split-spoon sampling devices 
were used during field investigation activities to collect subsurface soil 
samples. A 2-foot long, 1.75-inch inside diameter (ID), split-barrel sampler was 
used for sample intervals where a soil sample was not being collected for 

- chemical analysis. The sampler used to collect soil samples for chemical 
analysis consisted of a 2-foot-long, 3.0-inch ID tube. 

Split-spoon samples from soil borings and selected monitoring wells were 
collected at 5-foot intervals. Split-spoon soil sampling began at the land 
surface and continued to the boring termination depth. The method used to 
conduct the split-spoon soil sampling was American Society for Testing and 
Materials (ASTM) D1586. As a soil sample was collected, it was described on site 
by the ABB-ES field geologist, who recorded the texture, color, grain size, and 
other characteristics of the soil recovered from the borings. The soil was 
classified using the USGS. 

2.1.4 Surface Water and Sediment Sampling The purpose of the surface water and 
sediment samples was to assess whether or not there was a prior release of 
contaminants from a site. Background surface water and sediment samples were 
also collected to assess naturally occurring concentrations of potential 
contaminants in areas known not to be impacted by a release to the environment. 

Surface water and sediment samples were collected in accordance with proceldures 
discussed in the Sampling and Analysis Plan, Volume II of the NAS Whiting Field 
RI workplan (E.C. Jordan, 1990) and USEPA SCJPQAM (USEPA, 1991a). 

Sampling equipment was thoroughly decontaminated in accordance with procedures 
presented in Appendix B of the USEPA SOPQAM (USEPA, 1991a) and the site-specific 
QAP, Appendix B of the NAS Whiting Field RI workplan, Volume II (E.C. Jordan, 
1990). Surface water, sediment, and sludge samples submitted for laboratory 
analysis were shipped by overnight delivery to the laboratory under chain-of- 
custody protocol. 

P 
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Surface water samples were collectedby dipping a decontaminated sample container 
beneath the water surface. Where the water was not sufficiently deep to permit 
the use of this sampling method, a decontaminated glass beaker was used to 
transfer the surface water sample into the container. 

- 

Sediment samples were collectedusing a decontaminated 4-inch diameter stainless- 
steel hand auger. Sediment samples for volatile organic analyses were removed 
from the sampling tube or hand auger and deposited directly into 2-ounce, 
precleaned glass jars equipped with Teflonm-lined lids. Sediment remaining in 
the hand auger were transferred to a glass bowl, mixed, and then placed into the 
appropriate sample container. No vegetative matter or sludge was selectively 
removed from the sample during collection. All samples were placed in a cooler 
refrigerated with ice for shipment to the laboratory. 

2.1.5 Monitoring Well Installation The purpose of the monitoring wells was to 
assess groundwater flow directions, horizonal and vertical flow gradient, and 
groundwater quality at each site. 

Monitoring wells and piezometers were installed in general accordance with the 
following standards: 

. U.S. Environmental Protection Agency Standard Operating Procedures and 
Quality Assurance Manual, Environmental Compliance Branch, Region IV, 
February 1, 1991, and 

. Guidelines for Groundwater Monitoring Well Installation, March 27, 
1989, SOUTHNAVFACENGCOM. - 

Sampling equipment was thoroughly decontaminated in accordance with procedures 
presented in Appendix B of the USEPA SOPQAM (USEPA, 1991a) and the project spec- 
ific QAP, in Appendix B of the NAS Whiting Field RI workplan, Volume II (E.C. 
Jordan, 1990). 

Surficial aquifer monitoring wells were designated as shallow, intermediate, 
deep, and "deep deep" based on the depth of the screened interval. Shallow 
monitoring wells typically have 15-foot screens that bracket the water table, and 
have the letter "S" as a suffix on the alpha-numeric designator. Intermediate 
monitoring wells typically have lo-foot screens, were drilled and screened at 
depths between 15 and 40 feet below the water table, and have the letter "I" as 
a suffix on the alpha-numeric designator. Monitoring wells installedby Geraghty 
and Miller, Inc., during the verification study do not have the I suffix but are 
defined as intermediate monitoring wells. Deep monitoring wells typically have 
lo-foot screens, were drilled and screened at depths 40 to 60 feet below the 
water table, and have the letter "D" as a suffix on the alpha-numeric designator. 
Deep Deep monitoring wells typically have lo-foot screens, were drilled and 
screened at depths greater than 80 feet below the water table, and have the 
letter "DD" as a suffix on the alpha-numeric designator. 

Boreholes for shallow and intermediate monitoring well installations were 
typically advanced using 8%-inch OD hollow-stem auger (HSAS). Soil samples were 
collected from each of the monitoring well borings for the following purposes: 
(1) to determine the subsurface conditions at each monitoring well, (2) construct 
a record of the subsurface conditions encountered at each soil boring, (3) to /I 
determine the character of the sediment opposite monitoring well screens, (4) to 
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select the depth interval to installmonitoringwell screens for intermediate and 
deep monitoring wells, and (5) to collect soil samples for laboratory anal:yses. 
Soil samples were typically collected from each monitoring well borehole <at 5- 
foot intervals from the land surface to the boring termination depth using a 
split-spoon soil sampler. 

Upon completion of drilling and monitoring well installation activities, either 
flush-mount or stickup metal protective casings were installed and secured into 
the ground with concrete for protective purposes. The concrete pad surrounding 
the protective casing was placed at the land surface to secure the casing and to 
prevent surface runoff from entering the borehole. Each piezometer and 
monitoring well was provided with a gas-tight, lockable expansion plug and a 
"keyed-alike" padlock. Each monitoring well was identified using the SOUTHNAV- 
FACENGCOM identification scheme. 

Cuttings and drilling fluids from the drilling activities were disposed of as 
indicatedinthe Revised Investigation-Derived WasteManagement Plan, NASWhiting 
Field, Milton, Florida (ABB-ES, 1995e). Investigation-derived waste (IDW) 
management is described in more detail in Subsection 2.1.6 IDW. 

Each monitoring well was not developed until at least 24 hours after the well 
installation was completed. The monitoring wells were developedby pumping until 
the produced water was sand-free, relatively clean, and the pH, specific 
conductance, and temperature of the producedwater had stabilized. The following 

- subsections provide a description of the methods used to drill and install the 
monitoring wells at NAS Whiting Field. 

2.1.5.1 Installation of Shallow Surficial Aquifer Monitoring Wells The purposes 
of the shallow monitoring wells were to assess groundwater quality at each site 
and to characterize groundwater flow directions and horizontal and vertical 
hydraulic gradients. 

Shallow monitoring wells were constructed in each borehole through the hollow 
portion of HSAs and consisted of a threaded 2-inch ID, Schedule 40 polyvinyl 
chloride (PVC) riser pipe attached to a 15-foot section of O.OlO-inch slot PVC 
well screen. The well screen was placed across the water table to interceplt any 
potential free-phase contaminants that may be present. A filter-pack of 20/30 
grade silica sand was placed opposite the well screen in the borehole annulus and 
brought up to a level approximately 2 feet above the top of the well screen.. The 
augers were removed slowly during the placement of the sand pack to minimize 
formation caving. Typically, a 2-foot layer of bentonite clay, in pellet form, 
or fine sand was then placed in the annular space above the sand paclk and 
hydrated using potable water. After allowing sufficient time (minimum 2 hours) 
for the bentonite to hydrate, a bentonite-cement grout was placed in the 
remaining annular space to a depth of approximately 2 feet bls. After the grout 
cured, the top of the well was completed as previously described in Subsection 
2.1.1. Figure 2-l presents a diagram of a typical installed shallow monitoring 
well. Shallow monitoring wells are identified with an "S" suffix. 

2.1.5.2 Installation of the Intermediate, Deep, and Deep Deep Surficial Aq,uifer 
Monitoring Wells The purposes of the intermediate, deep, and deep deep 
monitoring wells are to assess groundwater quality and to characterize 
groundwater flow directions and horizontal and vertical hydraulic gradients. The 
monitoring wells were installednear the locations stated in the RI workplans for 
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NAS Whiting Field (E.C. Jordan, 1990) as modified by site-specific conditions, 
such as utilities, trees, or buildings. All of the wells were completed in the 
sand and gravel aquifer. 

Intermediate, deep, and deep deep monitoring wells were installed as double-cased 
wells in areas where contaminants may be encountered at shallower depths or 
without double casing if the well location is in an area where contamination of 
shallow depths were not a concern. Double-cased wells prevent migration of 
subsurface contaminants due to the drilling and well installation process. 
During the RI program activities at NAS Whiting Field, monitoring wells were 
installed in both noncontaminated and contaminated areas; therefore, both 
monitoring well installation processes are described. 

Single-cased monitoring wells were constructed either through the hollow portion 
of the HSAs or in a mud rotary borehole and consist of a threaded 2-inch ID, 
schedule 40 PVC riser pipe attached to a 5- or 10 -foot section of O.OlO-inch 
slot PVC well screen. A filter pack of 20/30 grade silica sand was placed using 
a tremie pipe opposite the well screen in the borehole annulus and brought up to 
a level approximately 2 feet above the top of the well screen. When augers were 
used, the augers were removed slowly during the placement of the sand pack to 
minimize formation caving. A 2-foot layer of bentonite clay, in pellet form, or 
fine silica sand was then placed in the annular space above the sand pack. After 
allowing sufficient time (minimum 2 hours) for the bentonite to hydrate, a 
bentonite-cement grout was placed in the remaining annular space to a depth of 

- approximately 2 feet bls. After the grout cured, the top of the well was 
completed as previously described in Subsection 2.1.5. Figure 2-l presents a 

,!@-+ 
diagram of an installed single-cased monitoring well. 

Double-cased monitoring wells were initially advanced using 3%-inch OD dril:L bit 
with drilling mud. The drilling mud maintains hydrostatic pressures to prevent 
product formation materials from entering into the borehole. Split-spoon samples 
were collected at 5-foot intervals. Typically, the subsurface soil samples are 
screened onsite using a flame or photoanalyzing organic vapor detector to assess 
the presence of contamination by VOCs. 

After identifying the zone of interest (based on depth, lithology, or organic 
vapor measurements) the soil boring was reamed to the depth desired (bottom of 
the contaminated zone) with an 8-inch rotary bit. A 6-inch PVC casing consisting 
of 20-foot lengths was then installed in the soil boring. The 20-foot lengths 
were joined using stainless-steel screws, and the PVC casing was filled with tap 
water to counter buoyancy of drilling mud as the PVC pipe was lowered into the 
open boring. A PVC cap was installed at the bottom of the casing assembly to 
prevent tap water from escaping. 

The annulus was filled with grout by placing a tremie tube in the annular space 
and pumping the grout from the bottom of the borehole to the surface. The grout 
used to seal the outer annular space was a bentonite-cement grout (6 to 94 
percent by weight). 

After the grout had cured for a minimum of 24 hours, the boring to instal:L the 
inner casing was advanced through the protective outer casing seal (PVC cap) 
using a 5 7/8-inch mud-rotary bit. While drilling through the PVC cap, care was 
taken to prevent cracking or shattering the PVC pipe or washing out the grout 
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seal around the annulus space. The drilling fluid was circulated to remove the 
fines after advancing the boring to the screened interval depth. 

Drilling fluids that entered the well along with fines were removed during the 
subsequent development process. Figure 2-2 presents a diagram of an installed 
double-cased monitoring well. 

Double-cased monitoring wells were constructed using threaded, 2-inch ID, 
Schedule 40 PVC well casing attached to a lo-foot length of 2-inch-diameter PVC 
screen with O.OlO-inch slots. A filter pack of 20/30 grade silica sand was 
placed in the borehole annulus using a tremie pipe opposite the well screen and 
brought up to a level approximately 2 feet above the top of the well screen. 
Typically, a 2-foot layer of bentonite clay, in pellet form, or fine sand was 
then placed in the annular space above the sand pack. After allowing sufficient 
time (minimum of 2 hours) for the bentonite (when used) to hydrate, a bentonite- 
cement grout was placed in the remaining annular space to a depth of approximate- 
ly 2 feet bls. After the grout cured, the top of the well was completed as 
previously described in Subsection 2.1.5. 

2.1.6 IDW Materials constituting IDW are as follows: 

. personal protective equipment (PPE), 

. soil cuttings from drilling activities, 

. water and mud from the rotary wash drilling, 

. water produced from the development of monitoring wells, and 

. water produced from purging wells prior to sampling. 

IDW materials were containerized in properly labeled 55-gallon drums and were 
either left at the investigation site, stored temporarily near the current 
hazardous waste storage building (outside of the fenced less-than-go-day 
accumulation area), or stored in other controlled areas. The IDW remains at 
these locations until chemical analytical data are collected to assess whether 
or not contaminants are potentially present in the containerized IDW materials. 
The analytical results of soil and groundwater samples are used to assess 
disposal options for IDW. 

Uncontaminated PPE is collected and placed in double, heavy duty polyethylene 
bags, and disposed of in a dumpster used for nonhazardous industrial debris as 
designated by Navy personnel. PPE suspected of being contaminated was given to 
the NAS Whiting Fieldhazardous waste management coordinator for proper disposal. 

Fifty-five gallon drums of soil cuttings that were determined to be uncontaminat- 
ed were disposed of onsite at the well or boring location where they were 
generated (USEPA, 1991f). Cuttings were spread to prevent creating a nuisance 
condition, physical hazard, or drainage problem. The cuttings were placed so 
they were not eroded by surface water or rainfall to become sediment loads in 
nearby surface waterways such as ditches, curbs, or swales. 

Water from drilling fluids and development and purging of wells determined to be 
uncontaminated is also disposed of on site near the well from which it was 
derived. Typically, the method of disposal is to pour the well water onto the 
ground surface and allow the water to infiltrate into surficial soil. Care is 
taken to prevent the uncontaminated well water from flowing into surface 
waterways such as ditches, curbs, or swales. 
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Drums emptied of nonhazardous IDW were cleaned, transported, and stacked for 
reuse in subsequent phases of the RI Program. The drums were stored in a manner 
that minimizes the area required while maintaining easy access. 

2.1.7 Groundwater Sampling The purpose of the groundwater sampling program is 
to provide data to assess whether contaminants have been released from individual 
sites to the surficial aquifer and, if present, assess the horizontal and 
vertical extent of contamination. Groundwater samples were collected for field 
screening and laboratory analyses from direct push BAT samplers and for 
laboratory analyses from shallow, intermediate, deep, and deep deep monitoring 
wells. 

Groundwater samples were collected in general accordance with procedures 
discussed in the Sampling and Analysis Plan, Volume II of the NAS Whiting Field 
RI workplan (E. C. Jordan, 1990). 

All sampling equipment is thoroughly decontaminated in accordance with procedures 
presented in Appendix B of the USEPA SOPQAM (USEPA, 1991a) and the project- 
specific QAP presented in Appendix B of the NAS Whiting Field RI workplan, Volume 
II (E.C. Jordan, 1990). 

Groundwater samples selected for laboratory analyses were shipped by overnight 
delivery to the laboratory under chain-of-custody protocol. The following 
subsections describe the methods used to collect groundwater samples at direct- 
push BAT sampling locations and monitoring wells. 

2.1.7.1 BAT Groundwater Sampling The BAT groundwater sampling program was 
conducted in conjunction with the piezocone penetrometer test (PCPT) subsurface 
exploration program to verify the contamination of groundwater downgradient of 
each site. Based on subsurface exploration data (lithologic and pore pressure) 
collected from the PCPT soundings, the depth of the in situ BAT groundwater 
sample point was determined. 

Upon determination of the groundwater sampling location, a drilling rig was used 
to advance a borehole (using mud rotary techniques) to approximately 2 to 3 feet 
above the desired sampling location. A BAT sampling device was driven beyond the 
bottom of the borehole to prevent drilling mud from being sampled. Once the BAT 
sampling device was at the proper depth, a pushrod was retracted approximately 
6 inches, which opened the sampling device to formation fluids. 

A hermetically sealed evacuated vial was then lowered into the pushrod through 
the use of a weighted sampling assembly. The assembly contained a double-ended 
hypodermic needle, which first pierced the well tip seal, followed immediately 
thereafter by the vial seal, located in the vial screw cap. Formation fluids 
were drawn into the vial until the pressure in the vial was equivalent to the 
formation pore fluid pressure. When the sampling assembly was pulled from the 
rod tip, the needle was pulled from both disks, and both the vial and tip were 
resealed. 

The groundwater samples were placed on ice and shipped to a CLP laboratory for 
VOC and inorganic analysis. 

2.1.7.2 Monitoring Well Sampling During sampling events completed prior to and d----v. 
including 1995, monitoring wells were purged and sampled using Teflon" bailers 
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or pumps. All sampling events completed in 1996 were conducted using submersible 
or bladder pumps at a low flow rate and sampled either through the Teflon"" ILined 
bladder pump or using a Teflon" bailer. 

During sampling events conducted in 1995 and earlier, monitoring wells were 
purged immediately prior to sampling using a submersible pump, bladder pump or 
Teflon"l bailer. Prior to collecting groundwater samples, water-level measure- 
ments were recorded and well purge volumes were calculated. During the removal 
of each well purge volume, groundwater samples were collected and measured for 
field parameters including pH, temperature, and specific conductivity. Well 
purging operations were suspended once values for the field parameter measure- 
ments were within 5 percent on 3 subsequent well volumes. Otherwise, purging 
continued until 5 well volumes were removed. Purging was also considered 
complete if a monitoring well was purged dry (all standing water within the well 
casing and/or screened zone had been removed). 

Following monitoring well purging operations, groundwater samples were collected 
from each monitoring well using a decontaminated TeflonTU bailer attached to a 
stainless-steel, Teflonm-coated cable. The bailers were decontaminated between 
each use. Sample bottles were filled in the order of VOCs, SVOCs, pesticides and 
PCBs, and inorganics. After the groundwater samples were placed in the sample 
containers, the containers were placed in a cooler with ice for shipment to the 
laboratory for analyses. 

During sampling events conducted in 1996 and later, groundwater samples were 
collected using low flow sampling methodology. Monitoring wells were purged 
immediately prior to sampling using a submersible or bladder pump at a low-flow 
rate, which is less than or equal to 1 liter per minute (R/min). Monitoring 
wells were pumped from the top of the water column until seven selected 
groundwater parameters (dissolved oxygen, oxidation potential, pH, salinity, 
specific conductance, temperature, and turbidity) were stable. (The difference 
between successive measurements was less than 5 percent.) If the parameter,s had 
not stabilized after 5 well volumes had been purged, the purging operations were 
discontinued and the sample was collected. 

In areas where the groundwater table was less than approximately 9 feet bls 
(generally only monitoring wells located on the Clear Creek floodplain), 
monitoring wells were purged using a peristaltic pump at a low flow rate, less 
than or equal to 1 R/min. During purging of all monitoring wells, measurements 
of dissolved oxygen, oxidation potential, pH, salinity, specific conductance, 
temperature, and turbidity were recorded at l-gallon intervals. Sampling was not 
begununtil after stabilization of the first six measured parameters (consecutive 
readings within 5 percent of previous readings). 

In addition, for groundwater samples that exhibit turbidity greater thlan 5 
nephelometric turbidity units (NTUs) both unfiltered and filtered groundwater 
samples were collected. Filtering was accomplished by the addition of a 45- 
micron inline filter to the sample tubing. The filtered samples were placed in 
appropriate precleaned containers, andpreservationwas verified prior to sealing 
the container. The filtered samples were collected for a comparison to the 
nonfiltered low-flow analytical results. 

Immediately after collection, groundwater samples were labeled and placed in a 
cooler refrigerated with ice for shipment to the laboratory for analyses. A 
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description of the analytical methods selected for field screening of groundwater 
samples is provided in Section 2.2 of this report. 

Groundwater samples were collected in accordance with the procedures outlined in 
the NAS Whiting Field RI/FS workplan, (E.C. Jordan, 1990) and the USEPA Region 
IV SOPQAM (USEPA, 1991a). Groundwater samples for laboratory analyses were 
shipped by overnight delivery to the laboratory under chain-of-custody protocol 
for TCL and TAL analysis. 

2.1.8 Hvdroneoloaic Investigation The purposes of the hydrogeologic investiga- 
tion at NAS Whiting Field were to assess fluctuation of the water table, 
groundwater flow directions, and horizontal and vertical spatial variability of 
hydraulic conductivity, and to estimate the rates of groundwater flow for the 
surficial aquifer. 

This information was gathered using the following methods: (1) quarterly water- 
level measurements, (2) in situ slug tests on monitoring wells to determine 
values for the radial hydraulic conductivity of sediment near the screened zone, 
(3) a pumping test on a facility production well to determine radial hydraulic 
conductivity over a larger area than the monitoring well screens, and (4) a 
location and topographic survey of the elevation of monitoring wells. 

The following subsections provide a more detailed description of the four 
investigative methods. 

2.1.8.1 Potentiometric Water Surface Groundwater elevations were obtained by 
direct readings from an electronic water-level indicator device, which was 
suspended into a well and slowly lowered until the water level was encountered. 
The depth to the water table was read at a designated point (north side of the 
riser) marked on the monitoring well riser. Measurements were made to the 
nearest hundredth of an inch and recorded in a field logbook. The water-level 
indicator probe and section of measuring tape lowered into a monitoring well was 
decontaminated prior to, or subsequent to, use as specified in the NAS Whiting 
Field RI workplan (E.C. Jordan, 1990). 

Water-level measurement data were converted to elevations relative to the NGVD 
of 1929 and used to construct potentiometric surface maps of the surficial 
aquifer for NAS Whiting Field. 

2.1.8.2 Aquifer Slug Test Subsequent to sampling the monitoring wells, in situ 
hydraulic conductivity tests (slug tests) were conducted in selected monitoring 
wells and piezometers. A minimum of two rising and two falling-head slug tests 
were performed at each location. Only rising-head tests were performed in 
piezometers or monitoring wells that are screened across the water table. The 
slug test consisted of either the introduction or withdrawal of a slug (inert 
volume displacement device) that displaces a known volume of water and the 
measurement of the change in water-level in the well with respect to time. The 
rates of recovery were measured with a digital data logger connected to a 
pressure transducer, which is placed into the bottom of the piezometer or 
monitoring well. The time versus water level recovery data were then processed 
by a computer program (AQTESOLV") that employs the method of Bouwer and Rice 
(1976) to calculate hydraulic conductivity for unconfined aquifers. The slug 
tests are conducted in conformance with the procedure described in the NAS 
Whiting Field RI workplan (E.C.Jordan, 1990). 
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2.1.8.3 Aquifer Pumping Test The pumping test was conducted at the south 
Productionwell to calculate hydraulic properties of the sand-and-gravel aquifer. 
the test began on March 14, 1991, and continuous, constant-rate pumping occurred 
for 6 days followed by a 7-day aquifer recovery test. Water levels were recorded 
in four nearby monitoring wells or piezometers and in the production well itself. 

The data collected during the pumping test was evaluated using the Hantush (1955) 
leaky aquifer and Boulton (1955) delayed drainage methods to provide estimates 
of transmissivity, hydraulic conductivity, and storativity for the sand and 
gravel aquifer. 

2.1.8.4 Sample Location and Well Elevation Survey The horizontal location of 
each new surface and subsurface soil sampling point was located by a Flo,rida- 
registered professional land surveyor. The horizontal location and vertical 
elevation of each new water-level measuring point, monitoring well, and 
piezometerwere also surveyedby a Florida-registeredprofessionalland surv'eyor. 

These locations are surveyed to third-order accuracy, which consists of measuring 
horizontal locations to an accuracy of 0.1 foot and vertical elevations .to an 
accuracy of 0.01 foot. Horizontal locations of monitoring wells, piezometers, 
and sampling points are referenced to the State Plane Coordinate System. All 
elevations are based on the NGVD of 1929. 

- 2.2 FIELD AND LABORATORY ANALYSES. The following paragraphs summarize the 
methods used for field screening of surface soil and groundwater samples and 
field and laboratory analyses of surface and subsurface soil, surface water, 
sediment, and groundwater. 

Field Analysis. Field screening of subsurface soil samples consists of 
measurement of VOCs emitted from split-spoon soil samples (see Paragraph 2.1.3.5) 
collected during the drilling activities for piezometers and monitoring wells. 
The VOCs are measured with an OVA equipped with an FID. The OVA measurements 
represent a total value for the VOCs emitted from a sample. 

Field analyses of surface and subsurface soil samples collected with the 
stainless steel spoon, hand auger, or TerraProbeW system (see Paragraphs 2.1.3.1, 
2.1.3.2, and 2.1.3.3; respectively) for VOCs were analyzed on an HNU Systems 311 
portable gas chromatograph. Analytical results were calibrated against 
commercially prepared aqueous stock solutions prepared to analytical standards. 
The compound standards included BTEX, TCE, and PCE. 

The field screening for sediment samples was performed using a General Analysis 
Corporation Mega-total petroleum hydrocarbons (TPH) analyzer. The analyzer is 
based on an inferred absorption theory and uses a 3.4 micrometer analytical 
wavelength to quantify TPH as specified in USEPA Method 418.1 (modified). 

Laboratory Analysis. The analytical program for the NAS Whiting Field RI program 
addresses analytes selected from the USEPA CLP TCL and TAL (Tables 2-l and 2-2). 

Gas chromatography (GC) and mass spectroscopy methods were used for analysis of 
environmental and QC samples for VOCs by USEPA Method 8240 and SVOCs by ‘USEPA 

t-7 
Method 8270 (Table 2-l). Environmental and QC samples were analyzed for 
organochlorine pesticides and PCBs using GC by USEPA Method 8080 (Table 2-l). 
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Table 2-I 
Target Compound List Analytes 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Compound GAS Number 

Volatile Organic Compounds 

Chloromethane 78-87-3 

Bromomethane 74-83-9 

Vinyl chloride 75-01-4 

Chloroethane 75-00-3 

Methylene chloride 75-09-Z 

Acetone 67-64-l 

Carbon disulfide 75-l 5-o 

1 ,l-Dichloroethene 75-35-4 

1 ,l-Dichloroethane 75-34-3 

1 ,ZDichloroethene (total) 540-59-O 

Chloroform 67-66-3 

1 ,BDichloroethane 107-06-2 

2-Butanone 78-93-3 

l,l,l-Trichloroethane 71-65-6 

Carbon tetrachloride 56-23-5 

Vinyl acetate 108-05-4 

Bromodichloromethane 75-27-4 

1 ,BDichloropropane 78-87-5 

cis-1,3-Dichloropropene 10061-01-5 

Trichloroethene 79-01-6 

Dibromochloromethane 124-48-l 

1 ,l ,P-Trichloroethane 79-00-5 

Benzene 71-43-2 

trans-1 ,&Dichloropropene 

Bromoform 

CMethylQ-pentanone 

PHexanone 

Tetrachloroethene 

10061-02-6 

75-25-2 

108-10-l 

591-78-6 

127-18-4 

Toluene 

1,1,2,2-Tetrachloroethane 

Chlorobenzene 

Ethylbenzene 

Styrene 

Xylenes (total) 

See notes at end of table. 

108-88-3 

79-34-5 

108-90-7 

100-4 l-4 

100-42-5 

1330-20-7 

i--x 
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Table 2-1 (Continued) 
Target Compound List Analytes 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Compound 

Semivolatile Organic Compounds 

‘henol 

cis(2Chloroethyl)ether 

EChlorophenol 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

Benzyl alcohol 

1 ,ZDichlorobenzene 

Z-Methylphenol 

bis(2Xhloroisopropyl)ether 

CMethylphenol 

N-Nitroso-di-n-propyiamine 

Hexachloroethane 

Nitrobenzene 

lsophorone 

2-Nitrophenol 

2,4-Dimethylphenol 

Benzoic acid 

bis(2-Chloroethoxy)methane 

1,2,4-Trichlorobenzene 

Naphthalene 

4-Chloroaniline 

Hexachlorobutadiene 

4-Chloro-3-methylphenol (para-chloro-meta-cresol) 

P-Methylnaphthalene 

Hexachlorocyclopentadiene 

2,4,6-Trichlorophenol 

2,4,5Trichlorophenol 

2Xhloronaphthalene 

2-Nitroaniline 

Dimethylphthalate 

Acenaphthylene 

2,6-Dinitrotoluene 

3-Nitroaniline 

Acenaphthene 

2,4-Dinitrophenol 

4-Nitrophenol 

Dibenzofuran 

See notes at end of table. 

CAS Number 

108-95-2 

111-44-4 

95-57-8 

541-73-l 

106-46-7 

100-5 l-6 

95-50-l 

95-48-7 

108-60-l 

106-44-5 

621-64-7 

67-72-l 

98-95-3 

78-59-l 

88-75-5 

105-67-g 

65-85-O 

11 l-91-1 

120-82-l 

91-20-3 

106-47-a 

87-68-3 

59-50-7 

91-57-6 

77-47-4 

88-06-2 

95-95-4 

91-58-7 

88-74-4 

131-11-3 

208-96-a 

606-20-2 

99-09-2 

83-32-9 

51-28-5 

100-02-7 

132-64-9 
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Table 2-1 (Continued) 
Target Compound List Analytes 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Compound 

2,4-Dinitrotoluene 

Diethyiphthalate 

4-Chlorophenyl-phenyi ether 

Fluorene 

4-Nitroaniline 

4,6-Dinitro-2-methylphenol 

N-nitrosodiphenylamine 

4-Bromophenyi-phenylether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n-butyiphthalate 

Ruoranthene 

Pyrene 

Butylbenzylphthalate 

3,3’-Dichlorobenzidine 

Benzo(a)anthracene 

Chrysene 

bis(2-Ethylhexyl)phthalate 

Di-n-octylphthaiate 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

indeno(l,2,3cd)pyrene 

Dibenz(a,h)anthracene 

Benzo(g,h,i)perylene 

PesticideslPCBs 

alpha-BHC 

beta-BHC 

delta-BHC 

gamma-BHC (Lindane) 

Heptachlor 

Aldrin 

Heptachior epoxide 

Endosulfan I 

n-- --I-- -. -.-, -r. I I 

CAS Number 

121-14-2 

84-66-2 

7005-72-3 

86-73-7 

100-O l-6 

534-52-l 

86-30-6 

101-55-3 

118-74-l 

87-86-5 

85-01-a 

120-l 2-7 

84-74-2 

206-44-O 

129-00-O 

85-68-7 

91-94-1 

56-55-3 

218-01-g 

117-81-7 

117-84-o 

205-99-2 

207-08-g 

50-32-a 

193-39-5 

53-70-3 

191-24-2 

319-84-6 

319-85-7 

319-86-a 

58-89-9 

76-44-8 

309-00-2 

1024-57-3 

959-98-8 

3ee ncres at ena OT raole. 

n 
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Table 2-1 (Continued) 
Target Compound List Analytes 

Remedial Investigation and Feasibility Study 
General information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Compound CAS Number 

Dieldrin 

4,4-DDE 

Endrin 

Endosulfan II 

4,4-DDD 

Endosulfan sulfate 

4,4’-DDT 

Methoxychlor 

Endrin ketone 

alpha-Chlordane 

60-57-l 

72-55-9 

72-20-a 

33213-65-g 

72-54-8 

103 l-07-8 

50-29-3 

72-43-5 

53494-70-5 

5103-71-g 

gamma-Chlordane 5103-74-2 

Toxaphene 800135-2 

Aroclor-1016 12674-l l-2 

Aroclor-1221 

Aroclor-1232 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

Source: U.S. Environmental Protection Agency, 1993. 

11104-28-2 

11141-16-5 

53469-21-9 

12672-29-6 

11097-69-l 

11096-82-5 

Notes: CAS = Chemical Abstract Service. 
BHC = benzenehexachioride. 
DDE = dichlorodiphenyldichloroethene. 
DDD = dichlorodiphenyidichloroethane. 
DDT = dichlorodiphenvltrichioroethane. 
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Table 2-2 
Target Analyte List lnorganics 

Remedial Investigation and Feasibility Study 
General information Report 

Naval Air Station Whiting Field 
Milton Florida 

Inorganic Target Analyte List CAS Number 

Aluminum 7429-90-5 

Antimony 7440-36-O 

Arsenic 7440-38-2 

Barium 7440-39-3 

Beryllium 7440-41-7 

Cadmium 7440-43-g 

Calcium 7440-70-2 

Chromium 7440-47-3 

Cobalt 7440-48-4 

Copper 7440-50-a 

Iron 7439-89-6 

Lead 7439-92-l 

Magnesium 7439-95-4 

Manganese 7439-96-5 

Mercury 7439-97-6 

Nickel 7440-02-o 

Potassium 7440-09-7 

Selenium 7782-49-2 

Silver 7440-22-4 

Sodium 7440-23-5 

Thallium 7440-28-o 

Vanadium 

Zinc 

Cyanide 

Note: NA = not aoolicabie. 

7440-62-2 

7440-66-6 

NA 
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Environmental and QC samples are analyzed for metals by inductively coupled 
plasma, graphite furnace atomic absorption, or cold vapor atomic absorption, as 
appropriate (e.g., USEPAMethods 6010, 7420, or 7470) (Table 2-2). Environmental 
and QC samples were analyzed for cyanide using USEPA Method 9010. 

2.3 QUALITY CONTROL. This section describes field and laboratory QC procedures 
followed during the investigation and the procedures followed to evaluate data 
quality based on the data validation process. Data validation is the technical 
review of individual analytical results relative to the criteria defined b:y the 
data quality objective (DQOs) and the Quality Assurance Project Plan (QAPP). The 
DQO for the NAS Whiting Field RI program is to obtain NEESA Level C data 
packages. The data validation process described in this section was followed to 
assess each data package individually for laboratory performance and to evaluate 
the analytical results relative to field QC samples such as trip, source, or 
rinsate blanks. This assessment, was conducted to determine whether or not the 
data are acceptable for use in site characterization, risk assessment, and 
evaluation of remedial alternatives. 

2.3.1 Field QC Field QC samples are used to (1) assess the existence and 
magnitude of contaminants introduced during field activities and (2) assess the 
potential for introduction of contaminants during sample storage and transport. 
Three types of field QC samples were used to assess contamination that may have 
been introduced by field activities. The three types of QC samples were 
equipment rinsate samples, source blanks, and trip blanks. The description and 
purpose of each of these three samples are presented in the following paragraphs. 

. Equipment Rinsate Blank. After a piece of sampling equipment is 
decontaminated, it is rinsed with organic-free water manufactured on 
site using a portable water filtration system. A sample of the final 
rinse water is submitted as an equipment rinsate blank. The purpose of 
the equipment rinsate blank is to assess the adequacy of decontamina- 
tion procedures by identifying contaminants that may be introduced 
because of incomplete equipment decontamination or by not allowing the 
equipment to dry completely. The number of rinsate blanks is based on 
one per decontamination episode. Equipment rinsate blanks are analyzed 
for the same analytical parameters as the corresponding environmental 
samples. 

. Source Blank. The source blank is a sample of the organic-free 'water 
manufactured onsite using a portable organic-free water filtration 
system. This blank is used to assess contamination that may have been 
introduced by the organic-free water system or the water filtration 
system. The number of source blanks analyzed is based on either one 
source blank for each batch of organic-free water or one per field 
event. The source blank is analyzed for the same parameters a.s the 
corresponding environmental samples. 

. Trip Blank. The trip blank is a sample of organic-free water that is 
prepared and similarly packaged by the laboratory prior to the sampling 
event and travels with the sampling bottles to the site. The trip 
blank samples are not opened at the site or at any time prior to 
laboratory analysis. The purpose of the trip blank is to assess the 
potential for contamination of the samples via VOCs during sample 
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bottle shipment and 'storage, prior to analysis. One trip blank is 
included in each shipping container that contains VOC samples. 

2.3.2 Laboratory OC Laboratory QC samples are used to (1) assess the existence 
and magnitude of contaminants introduced during the analysis of the samples, (2) 
assess the potential introduction of contaminants during sample storage and 
transport, and (3) assess the precision and accuracy of the chemical analytical 
methodology. Two types of laboratory QC samples are used to assess the existence 
and magnitude of contamination that may have been introduced by laboratory 
activities: the method blank for organics analysis and the preparation blank for 
inorganics analysis. Four other laboratory QC samples used to assess analytical 
precision and/or accuracy are the duplicate sample, matrix spike and matrix spike 
duplicate (MS/MSD), and laboratory control samples (LCS). Compounds of known 
concentration (surrogates) are added (spiked) to each environmental sample to 
assess analytical accuracy and precision. The description and purpose of these 
samples are presented in the paragraphs that follow. 

. Method Blank and Preparation Blank. The method and preparation blanks 
are samples of organic-free water prepared by the laboratory at the 
time of analysis. Method and preparation blanks are treated as samples 
in that they undergo the same analytical process as the corresponding 
environmental samples. The purpose of the method blank is to assess 
the potential for contamination of samples via VOCs, SVOCs, pesticides, 
and PCBs during sample analysis. The preparation blank is used to 
assess the potential contamination of samples via CLP TAL inorganic 
parameters. The method and preparation blanks are used by the 
laboratory and in the data validation process to monitor analytical 
performance, to assess contamination introduced during the analytical 
process, and to assess the representativeness of the chemical analyti- 
cal procedure. 

. Duplicate Sample. One duplicate or replicate field sample is collected 
for every 10 field samples of the same matrix. The duplicate sample is 
collected from the same location and depth interval, as appropriate, of 
an environmental sample. The purpose of the duplicate samples is to 
assess sample analytical precision. The duplicate sample is analyzed 
for the same analytical parameters as the environmental sample. 

. MS/MSD Sample Pairs. One MS/MSD sample pair is collected for every 20 
field samples of the same matrix. The MS/MSD sample pair is collected 
from the same location and depth interval, as appropriate, of an 
environmental sample. The purpose of the MS/MSD sample pair is to 
assess sample analytical accuracy and precision of analytical methods 
for organic compounds. 

. MS Sample. Predigestion Appendix IX inorganic parameter spikes are 
analogous to the MS/MSD spike recovery for organic analyses in that 
they measure the effects of the sample matrix on the recovery of a 
known quantity of analyte after both sample preparation and analysis. 
If the predigestion spike recovery does not fall within the acceptance 
window of 75 to 125 percent, then a postdigestion spike monitors 
instrument performance and matrix effects. If both the pre- and 
postdigestion spike recoveries fall outside the acceptance limits, then 
the data are flagged to indicate nonconformance. 
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. m. An LCS consists of an ideal matrix (usually organic free water) 
spiked with a known amount of a reference material. The LCS is 
prepared (digested) and analyzed with the field samples. The LCS is 
designed to monitor the efficiency of the overall analytical procedure, 
including sample preparation, and the resulting analyte recoveries: must 
fall within preestablished acceptance limits. 

. Surrogate Spikes. Surrogate spike recoveries serve to estimate 
accuracy and are added to every sample. Surrogate compounds are the 
structural homologs of target compounds, often with deuterium substi- 
tuted for hydrogen, and are, therefore, expected to behave in a similar 
manner during analysis. Spike recoveries are used to monitor both 
matrix effects and laboratory performance. 

2.3.3 Data Review and Validation Summary Before the analytical results are 
released by the laboratory, both the sample and QC data are carefully reviewed 
to verify sample identity, instrument calibration, detection limits, dilution 
factors, numerical computations, accuracy of transcriptions, and chemical 
interpretations. The QC data are reduced and spike recoveries are included in 
control charts, and the resulting data are reviewed to ascertain whether or not 
they are within the laboratory-defined limits for accuracy and precision. Any 
nonconforming data are discussed in the data package cover letter and case 
narrative. 

- Data validation is the technical review of a data package using criteria 
established in the DQOs and the QAPP. The data are reviewed and validated using 
the NEESA (1988) guidance document 20.2-047B, Sampling and Chemical Analysis 

! Quality Assurance Requirements for the Navy Installation Restoration Program. 
The data review andvalidationprocess is independent of the laboratory's checks. 

Qualifiers are applied by both laboratory and data validators for analytical 
results when an analyte is not detected above the reported sample quantitation 
limit or when the analysis does not meet the acceptance criteria. Qualifiers are 
flags consisting of single- or double-letter abbreviations that may indicate non- 
detection of an analyte, or a problem with the accuracy or precision of the 
reported analytical results, or inability to positively identify an analyte. 
Flags used in the data summary tables are defined below. 

v Undetected. The analyte was not detected above the Contract Required 
Quantitation Limits (CRQL). The "U" designator also is used to qualify 
common laboratory contaminants. The "U" designator is applied to an 
environmental sample when the common laboratory contaminant is detected 
in an environmental sample at a concentration less than 10 times the 
value of the concentration detected in any corresponding fie:Ld QC 
blank, method blank, or preparation blanks. 

J Estimated. The analyte was present, but the reported value may not be 
accurate or precise and is estimated. The "J" designator is used to 
qualify an analyte that was present at a concentration between the CRQL 
and method detection limit, or the data failed some of the analytical 
validation criteria but not a sufficient amount of validation criteria 
to reject the data. 
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UJ indicates that the quantitation limit is estimated and may not 
accurately and precisely measure the analyte in the sample. The 
analyte was not detected above the reported sample quantitation limit. 

The analysis indicates the presence of an analyte for which there is 
presumptive evidence to make a "tentative identification." 

The analysis indicates the presence of an analyte that has been 
"tentatively identified" and the associated numerical value represents 
its approximate concentration. 

Rejected. Data were rejected by the data validator during comparison 
of the NEESA Level C data package with the analytical functional 
guideline criteria. The "R" designator indicates a significant 
variance in acceptable laboratory performance. The presence or absence 
of the analyte cannot be verified. Either reanalysis or resampling and 
analysis would be necessary to determine the presence or absence of the 
target analyte(s). 

The above data qualifiers, as defined by USEPA functional guidelines (USEPA, 
1988a; 1991b) are used in reporting validated data. Fully usable data are 
reported without qualifiers and are equivalent to Level I data (USEPA, 1988a). 
Data qualified as estimated values are flagged with a "J," and are equivalent to 
Resource Conservation and Recovery Act (RCRA) Level II data. However, both the 
fully usable data and the data qualified with a "J" are acceptable for use in 
RIs, risk assessments, and corrective measures studies. Data that are determined 
to be unusable or are questionable due to significantQA/QC variances are flagged 
with an "R," and are equivalent to RCRA Level III data. 

/- 

Once the data are reviewed and validated, the data are evaluated using the 
precision, accuracy, representativeness, completeness, and comparability (PARCC) 
criteria included in the DQOs of the sampling and analysis plan (SAP) (E.C. 
Jordan, 1990). The following subsections provide an explanation of the PAFXC 
criteria evaluation that will be conducted for each RI report. 

2.3.4 Precision Precision is a measure of the agreement or repeatability of a 
set of replicate results obtained from duplicate laboratory analyses of samples 
collected from the same location and depth interval. Precision was calculated 
from laboratory analytical data and cannot be measured directly. Precision is 
a quantitative measure that is expressed as the relative percent difference (RPD) 
between analytical values for two samples from the same source divided by the 
average of their analytical value. The values used to assess precision are 
obtained from estimated ("J" qualifier) and positive detections above the CRQL 
or instrument detection limit (IDL) and values from the spiked target analytes. 
Precision is calculated using the equation: 

RPD= D,-D, xl00 
l-i (D1+D2) 

(1) 

where: D, and D, are the reported values for the duplicate samples. Precision 
is evaluated using the results of the following comparisons: I -; 
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l environmental sample(s) and a replicate of the environmental sample(s), 
l environmental sample(s) and laboratory duplicate(s), 
l MS/MSD, and 
l two laboratory control samples in the absence of MS/MSD samples. 

Sources of poor precision include sample heterogeneity, improper handling of 
samples, or imprecise preparation or analysis of the samples. 

2.3.5 Accuracy Accuracy is a measure of the agreement between an experim'ental 
determination and the true value of the parameter being measured. Accuracy is 
calculated from the analytical data and is not measured directly. Accuracy is 
used to identify the bias in a given measurement system (i.e., laboratory 
conditions, sample matrix, and sampling conditions) and is assessed by reviewing 
the percent recovery (%R) between the true value of the spiked analyte and the 
actual analytical value. Accuracy is calculated using the equation: 

%R=A-BxlOO 
c 

where: 

(2) 

A= measured concentration of the spiked analyte, 
B= measured concentration of the spiked compound in the unspiked 

sample, and 
c= true concentration of the spiked analyte. 

For organic analysis, each of the samples are spiked with a surrogate compound, 
and for inorganic analysis, each sample is spiked with a known reference material 
before digestion. Each of these approaches provides a measure of the matrix 
effects on the analytical accuracy. 

Accuracy is assessed by evaluating the %R for spiked target analytes in MS/MSD 
samples, surrogate recovery samples, and laboratory control samples. The spike 
recoveries provide an indication of bias, where the reported data may overesti- 
mate or underestimate either the actual concentration of compounds detected or 
the quantitation limits. Recoveries outside acceptable QC limits may be caused 
by factors such as matrix interference or poor recovery of some of the target 
analytes. 

2.3.6 Representativeness Representativeness is a qualitative measure of the 
degree to which sample data accurately and precisely represent a characteristic 
environmental condition. Representativeness is a subjective parameter and is 
used to evaluate the efficiency of the sampling plan design. Representativeness 
is evaluated using the QC blank sample results. QC blank samples are trip 
blanks, source blanks, equipment rinsate blanks, laboratory method blanks for 
organic analysis, and laboratory preparation blanks for inorganic analysis. 

Positive detections of compounds in the QC blank samples identify compounds that 
possibly have been introduced to the associated field samples during sample 
collection, transport, or analysis, Contaminants should not be detected in the 
QC blanks. The presence of target analytes in the QC blanks provides an estimate 
of bias to the environmental samples due to cross contamination in the field or 
laboratory. 
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2.3.7 Comparability Comparability is a qualitative measure designed to express 
the confidence with which one data set may be compared with another. Comparabil- 
ity is assessed by reviewing the data to determine that all data were acquired 
by using SOPS for sampling, standard analytical methods for analysis, and by 
reporting analytical results in standard units. Comparability may also be 
assessed by review of the analytical method practical quantitation limits. 
Factors that affect comparability are sample collection and handling techniques, 
sample matrix type, and analytical methods. Comparability is limited by other 
PARCC parameters because only when precision and accuracy are known can data sets 
be compared with confidence. 

..--N 

Comparability of the NAS Whiting Field analytical data is assured by using SOPS 
for sample collection, by using standard chemical analytical methods, and by 
reporting the analytical results in standard units (SU). 

2.3.8 Completeness Completeness is defined as the percentage of measurements 
that are judged to be valid compared to the total number of measurements made. 
Valid usable values are data that are not qualified as rejected (R qualifier) by 
the data validation process. Completeness is evaluated to determine if an 
acceptable level of data was obtained so that a scientific site assessment can 
be completed with valid usable data. Completeness equals the total number of 
analytes in each sample (equipment rinsate, field and trip blanks, and duplicate 
samples) minus the total number of rejected analytes divided by the total number 
of analytes. 

2.4 ECOLOGICAL RISK ASSESSMENT (ERA) METHODOLOGY. ERAS evaluate actual and 
potential adverse effects to ecological receptors associated with exposure to 
contamination from a hazardous waste site. The ERAS for each of the sites at NAS 
Whiting Field were completed in accordance with current guidance materials for 
ERAS at Superfund sites including the following: 

. Risk Assessment Guidance for Superfund (RAGS) Environmental Evaluation 
Manual (USEPA, 1989b) 

. Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory 
Reference (USEPA, 1989c) 

. Framework for Ecological Risk Assessment (USEPA, 1992a) 

. Ecological Risk Assessment Guidance for Superfund: Process for 
Designing and Conducting Ecological Risk Assessments (USEPA, 1997a), 

. Supplemental Guidance to RAGS: Region 4 Bulletin, Ecological Risk 
Assessment (USEPA, 1995a), and 

. Draft Proposed Guidelines for Ecological Risk Assessment (USEPA, 1995c) 

Risk assessment guidance included in the USEPA "Eco Update" bulletins (USEPA, 
1991c, 1992b, and 1992c) and recent publications (e.g., Maughan, 1993; Suter, 
1993) was also consulted. 

The assessment approach integrates both field and predictive methodologies to 
assess risks. The decisions regarding overall risk to ecological receptors are 

,/---%A 
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based on the weight of evidence from the results of all components of the 
assessment methodology (i.e., an approach that integrates results of physical, 
biological, toxicological, and modeling studies to draw risk-based conclusions). 
The weight-of-evidence components were designed to provide measures of risks for 
different ecological receptors, exposure pathways, andpotentialadverse effects. 

The objectives of the ERA are the following: 

. identify those ecological habitats that are located within migration 
pathways of contamination; 

. identify the types of ecological receptors that could be potentially 
exposed to site-related contamination of environmental media; 

. qualitatively and quantitatively evaluate the potential lethal, 
sublethal, and bioaccumulation effects associated with exposures to 
contamination of environmental media; 

. assess whether or not cause for concern exists for rare, threatened, or 
endangered species known to occur or that may occur in the vicinity of 
the sites; 

. identify uncertainties associated with the risk assessment; and 

. summarize information necessary to support remedial decisions for sites 
at NAS Whiting Field. 

The following subsections describe the five components of an EPA, including 
problem formulation, exposure assessment, ecological effects assessment, risk 
characterization, and uncertainty analyses. 

2.4.1 Problem Formulation Problem formulation is the initial step of the ERA 
process. Problem formulation is composed of identification of receptors, 
identification of exposure pathways for those receptors, and the assessment 
procedures and measurement endpoints selected for ERAS. 

2.4.1.1 Identification of Receptors Ecological receptors are dependent on the 
media present at the site, and may include both aquatic and terrestrial plants 
and animals. Potential aquatic receptors include plants, invertebrates, algae, 
amphibians, and fish. Potential terrestrial receptors include plants, 
invertebrates, amphibians, reptiles, birds, and mammals. Aquatic and terrestrial 
species identified during the biological field investigations are used to 
represent potential ecological receptors for each site. A discussion o:f the 
findings of biological field investigations including identification of 
ecological receptors is presented in Subsection 3.4.2. 

2.4.1.2 Identification of Exposure Pathways Exposure pathways are identified 
for four groups of ecological receptors (aquatic receptors, terrestrial plants, 
terrestrial invertebrates, and terrestrial and wetlands wildlife). A complete 
exposure pathway includes a source of contamination, potentially contamtnated 
media (surface soil, food, groundwater, surface water, or sediment), and an 
exposure route. A conceptual model of the exposure pathways from source to 
ecological receptors is developed for each site or group of sites. 
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Although all potential routes of exposure are considered, not all potential 
exposure pathways are presented in the contaminant pathway model. The model 
represents only those pathways that are evaluated in the ERA. This limitation 
is necessary to focus the risk evaluation on those pathways for which contaminant 
exposures are the highest and most likely to occur. Those pathways that cannot 
be quantitatively evaluated, due to a lack of toxicological information, will be 
qualitatively discussed and addressed as uncertainties. Exposure pathways 
identified for the four groups of ecological receptors are presented below. 

Terrestrial and Wetland Wildlife. Terrestrial and wetland wildlife may be 
exposed to contaminants in surface soil, sediment, surface water, (including 
water from ephemeral ponds and groundwater as it discharges to surface water) and 
contaminated food items as a result of ingestion, dermal adsorption, and 
inhalation of fugitive dust and volatile emissions. Dermal adsorption is 
considered to be a negligible exposure pathway because the presence of fur, 
feathers, or chitinous exoskeleton is likely to prevent contamination from coming 
in direct contact with the skin (personal communication with Ted Simon, USEPA 
Region 4, September 1997 [USEPA, 1997b]). In addition, soil trapped in the fur 
or feathers is likely to be ingested during grooming or preening activities, and 
the low rate of dermal adsorption relative to absorption via the gastrointestinal 
tract would also limit the percent uptake of a contaminant via this pathway. 
Exposure via inhalation of fugitive dust is also not likely to be a significant 
exposure pathway, given that most of the sites are either vegetated or covered 
by buildings, which would limit the release of fugitive dust. 

Burrowing animals are likely to be exposed to volatile contaminants present in 
soil as a result of volatile emissions into the burrow. Inhalation exposures 
will be qualitatively evaluated in areas where burrowing animals may occur and 
volatile constituents are of concern. These animals are not likely to be exposed 
to semivolatiles or inorganics via inhalation. This pathway is generally 
considered an insignificant route of exposure for semivolatiles except in unusual 
circumstances, such as following an accidental release or spill. Inhalation of 
metals is not a viable exposure pathway because metals do not volatilize. 

Potential contaminant exposures for reptiles and amphibians exist at NAS Whiting 
Field; however, ingestion toxicity data andbioaccumulation factors are generally 
not available for these receptors. Therefore, potential risks associated with 
ingestion of affected media and food to these receptors will be qualitatively 
addressed in the "Uncertainties" section of the ERA. 

Terrestrial Plants and Soil Invertebrates. Terrestrial plants and soil 
invertebrates may be exposed to contamination in surface soil by direct contact 
with and ingestion of the soil. Depending on the depth of groundwater, 
terrestrial plants may also be exposed to contamination in groundwater where the 
roots reach a zone of saturation. 

Aquatic Receptors. Aquatic organisms are exposed to contaminants in surface 
water and groundwater as it discharges to surface water via sorption across the 
gills, sorption across the epidermis, and ingestion. Benthic organisms are 
exposed to contaminants adsorbed onto sediment particles as well as interstitial 
waters. These organisms may be exposed to constituents within the pore water via 
absorption across the gills and epidermis. Exposure to constituents adsorbed 
onto the sediment is predominantly limited to ingestion of the sediment. The 
principal aquatic exposure routes are direct intake of water, particulate matter 
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and food by water column organisms, and ingestion of sediment, detritus, and 
interstitial water by benthic macroinvertebrates. 

2.4.1.3 Identification of Endpoints Assessment endpoints represent the 
ecological component to be protected, whereas the measurement endpoints 
approximate or provide a measure of the achievement of the assessment endpoint. 
Examples of general assessment endpoints that may be used in the ERAS for NAS 
Whiting Field are provided in Table 2-3. Assessment endpoint selection in each 
of the site-specific ERAS will be refined based on available habitat (e.g., 
terrestrial vs. aquatic, forested vs. open field), receptors likely to be found 
in these habitats, chemicals of concern, and the particular sensitivities of 
ecological receptors to those chemicals. In addition, measurements of actual 
toxicity and adverse effects are completed when possible to decrease uncertain- 
ties and to measure the adverse effects associated with the actual mixture of 
contaminants present in the environmental media (surface soil, surface water, 
sediment, and groundwater). The assessment and measurement endpoints for 
terrestrialandwetlandwildlife , terrestrial plants, terrestrial invertebrates, 
and aquatic receptors are discussed separately. 

Terrestrial and Wetland Wildlife. The assessment endpoint for terrestrial and 
wetland wildlife is the maintenance of wildlife populations and communities 
within the habitats present at the NAS Whiting Field sites. A description of 
these habitats is presented in Subsection 3.4.1. Because no long-term wildlife 
population data are available at NAS Whiting Field, a direct measurement of this 
assessment endpoint is not possible. The literature-derived results of 
laboratory biological toxicity studies that relate the dose of a contaminant in 
an oral exposure with an adverse response to growth, reproduction, or survival 
of a test population (avian or mammalian species) are used as a measure of the 
assessment endpoint. 

Terrestrial Plants and Soil Invertebrates. The assessment endpoint for 
terrestrial plants and soil invertebrates is the survival, growth, and 
reproduction of terrestrial plant and invertebrate communities. When toxicity 
testing data are available, this endpoint is measured through toxicity testing 
of earthworm (Eisenia foetida) survival and growth and lettuce (Lactuca sativa) 
seed germination with surface soil samples from the hazardous waste sites. 
Toxicity testing results provide a direct measure of the toxicity of the mixture 
of chemicals in surface soil to terrestrial plant and soil invertebrate species. 
It is assumed that the responses of these test species are an adequate indicator 
for other terrestrial plants and invertebrates occurring at NAS Whiting Field. 
Further discussion of soil toxicity testing completed at NAS Whiting Field is 
provided in Subsection 3.4.3. When biological toxicity testing of the surface 
soil has not been completed, literature values of contaminant concentrations in 
surface soil associated with survival and growth of terrestrial plants and 
invertebrates are used as the measurement endpoint. 

Aquatic Receptors. Survival and maintenance of aquatic plants and fish 
populations is the assessment endpoint selected for aquatic life. The survival 
and maintenance of plant, invertebrate, and fish populations is estimated based 
on literature-reported concentrations of a contaminant in water or sediment in 
a laboratory or field toxicity test that is associated with adverse effects on 
reproduction growth, or survival of a test population. Also, if site-specific 
toxicity testing results become available, biological toxicity testing of 
sediment, using surrogate species such as Hyalella azteca or Chironomos tentans, 
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Table 2-3 
Possible Endpoints for Ecological Risk Assessment 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Medium 

Surface Water 

Sediment 

Surface Water, 
Sediment, and 
Surface Soil 

Surface Soil 

Receptor I Assessment Endpoint I Measurement Endpoint 

Aquatic organisms Survival and maintenance of fish, Chemical concentrations in surface 
(fish, invertebrates, invertebrate, amphibian, and aquatic water associated with adverse effects 
plants, and plant populations and communities. to growth, reproduction, and survival 
amphibians). of aquatic organisms. 

Aquatic organisms Survival and maintenance of fish, in- Chemical concentrations in sediment 
(fish, invertebrates, vertebrate, amphibian, and aquatic associated with adverse effects to 
plants, and plant populations and communities. growth, reproduction, and survival of 
amphibians). aquatic organisms. 

Terrestrial and Survival and maintenance of wildlife Oral contaminant exposure concen- 
wetland wildlife. populations and communities. trations representing adverse effects 

to growth, reproduction, or survival 
of mammalian or avian laboratory 
test populations. 

Terrestrial invertebrates. Survival and growth of terrestrial Survival of earthworms exposed to 
invertebrate communities. surface soil samples in laboratory 

toxicity tests. 

Contaminant surface soil concentra- 
tions representing adverse effects to 
growth, reproduction, or survival of 
earthworms. 

Surface Soil Terrestrial plants Survival, reproduction, and growth of Germination of lettuce seeds expos- 
plant communities. ed to surface soil samples in labora- 

tory toxicity tests. 

Contaminant surface soil concentra- 
tions representing adverse effects to 
germination and growth of terrestrial 
vascular plants. 
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may be used as a measurement endpoint to evaluate the survival and maintenance 
of benthic macroinvertebrate populations at NAS Whiting Field. 

2.4.2 Selection of Ecolop;ical Chemicals of Potential Concern (ECPCs) ECPCs 
represent the analytes detected in media (surface soil, surface water, sediment, 
and groundwater) that are considered in the ERA. The ECPCs are assumed to be 
associated with waste disposal practices at the sites and could present a risk 
for ecological receptors. The process for selection of ECPCs is depicted on 
Figure 2-3. The left-hand side of Figure 2-3 depicts the ECPC selection process 
for analytes detected in surface soil whereas the right-hand side shows the 
selection process for analytes detected in surface water, sediment, and/or 
groundwater. Surface water, sediment, and groundwater ECPCs are selected 
separately for wildlife and aquatic receptors because available ECPC screening 
tools distinguish between these two groups of receptors. 

Pursuant to USEPA (1988a, 1991b) national guidance, analytical data for each site 
at NAS Whiting Field are evaluated to determine their validity for use in the 
risk assessment. Analytes are not considered in the selection of ECPCs if they 
appear to result from laboratory contamination. For example, if the concentra- 
tion of a chemical detected in an environmental sample is within 5 to 10 times 
the concentration detected in associated trip blanks or method blanks, the 
chemical is not selected as an ECPC. Following the data validation step, 
analytes detected in surface soil, surface water, sediment, and groundwater 
samples are not considered in the selection of ECPCs, if the analyte is detected 
in 5 percent or fewer of the samples (minimum of 20 samples) analyzed and is not 
selected as an ECPC in any other media. 

Calcium, magnesium, potassium, and sodium are also excluded as ECPCs for all 
media because they are considered to be essential nutrients and are only toxic 
at extremely high concentrations. Evidence suggests that there is little 

potential for toxic effects resulting from overexposure to these essential 

nutrients. The highly controlled physiological regulatory mechanisms of these 
inorganics suggest that there is little, if any, potential for bioaccumulation, 
and available toxicity data demonstrate that high dietary intake of these 
nutrients are well tolerated (National Academy of Sciences, 1977; National 
Research Council [NRC], 1982; 1984). 

In accordance with USEPA Region IV guidance (USEPA, 1995d), if the maximum 
detected concentration of an inorganic analyte is less than 2 times the average 
inorganic concentration detected in the respective upgradient or background 
ample(s), then the analyte is not considered in the selection of ECPCs. 

As shown on the left-hand side of Figure 2-3, analytes detected in surface soil 
that exceed the above criteria are screened against ecological screening values 
for surface soil. The surface soil ecological screening values are the Dutch 
Soil Criteria "A," which refer to background concentrations in surface soil, 
issued by the U.S. Fish and Wildlife Service (USFWS) (Beyer, 1990). If the 
maximum detected concentration of an analyte exceeds the ecological screening 
value, the analyte is retained as an ECPC for terrestrial wildlife. In addition, 
the analyte is also retained as an ECPC for evaluation of risks to terrestrial 
plants and soil invertebrates. 

As shown on the right-hand side of Figure 2-3, analytes detected in surface 
i water, sediment, and groundwater that exceed the above data evaluation criteria 
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Media of Concern Media of Concern 

Surface Soil 

No 

Analyte “survives” data validation 

I 

Detected in < 6% of samples and 
not present in other media 
(minimum of 20 samples)? 

Does ecological screening ---I--- =-- 

t yes 1 j 
concentration > the ecological 

screerung value for surface sorl? 

Is tpe maxi,rnum detected _ 

I No 

Detected upgradient? 

Is the maximum detected inorganic 
concentration >Px the average 

upgradient concentration? 

Not an ECPC 

NOTES: 

ECPC = Ecological contaminant 
of ootential concern FIGURE 2-3 

s = Orbater than 
< “Lessthan 

Wildlife = Mammals, birds, terrestrial 
plants, and soil invertebrates 

NAS = Naval Air Station 

ECOLOGICAL CONTAMINANT OF POTENTIAL 
CONCERN SELECTION PROCESS 

Surface Water, Sediment, 
and/or Groundwater 

I ECPC for wildlife I 
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FEASIBILITY STUDY 
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are compared to Region 4 Ecological Screening Values (USEPA, 1995a). Analytes 
detected in surface water and groundwater are screened against the USEPA Region 
4 Freshwater Surface Water Screening Values. These values were obtained from 
Water Quality Criteria documents and represent the chronic ambient water quality 
criteria values for the protection of aquatic life. Analytes detected in 
sediment are screened against the USEPARegion 4 Sediment Screening Values, which 
are derived from statistical interpretation of effects databases obtained from 
literature as reported in publications from the State of Florida (MacDonald, 
1994), the National Oceanic and Atmospheric Administration (NOAA) (Long and 
Morgan, 1993), and a joint publication by Long and others (1995). If the maximum 
detected concentration of an analyte exceeds either the surface water or sediment 
USEPA Region 4 Ecological Screening Value or a value is not available, the 
analyte is selected as an ECPC for both wildlife and aquatic receptors. If the 
maximum detected concentration of an analyte is less than the USEPA Region 4 
Ecological Screening Value, the analyte is selected as an ECPC for wildlife 
receptors only. 

All ECPCs selected for the ERA are summarized in tables that include 

. the frequency of detection, 

. range of CRQLs and contract-required detection limits (CRDLs), 

. range of detected concentrations, 

. average detected concentration, 

. average of all concentrations (only for analytes selected as ECPCs from 
10 or more samples), 

. 95th percentile upper confidence limit (UCL) (only for analytes 
selected as ECPCs from 10 or more samples), 

. Ecological Screening Values for Surface Soil (surface soil only), 

. USEPA Region 4 Ecological Screening Values (surface water, sediment, 
and groundwater only), and 

. twice the average background or upgradient concentration for each of 
the inorganic analytes. 

Reasonable Maximum Exposure (RME) and Central Tendency (CT) concentrations are 
derived for each ECPC. If the sample size is greater than or equal to 10, the 
RME value is equal to the lesser of the maximum detected concentration and the 
95th percentile UCL calculated on the log-transformed arithmetic mean (CJSEPA, 
1992d). The 95th percentile UCL uses one-half of the detection limit as a 
surrogate value for samples having results below the detection limit. If the 
sample size is less than or equal to nine, the RME concentration is equal to the 
maximum detected concentration. If potential risks are predicted based on the 
RME scenario, then the CT exposure scenario is also evaluated. The CT exposure 
concentration is represented by the mean of all samples. One-half of the 
detection limit is also used as a surrogate value for sample results that are 

F"; 
below the detection limit. 
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2.4.3 Exposure Assessment. Exposure assessment is the process of estimating or 
measuring the amount of an ECPC in environmental media (surface soil, surface 
water, sediment, food items, or groundwater) to which an ecological receptors may 
be exposed via respective exposure routes. The following paragraphs discuss how 
contaminant exposures are, in general, estimated or measured for aquatic 
receptors, terrestrial plants, terrestrial soil invertebrates, and wildlife. 

2.4.3.1 Terrestrial and Wetlands Wildlife Routes of contamination for wildlife 
for which exposure concentrations are measured or estimated are decided on a 
site-specific basis. Exposure routes usually include direct or indirect 
ingestion of soil, surface water (including groundwater as it discharges to 
surface water), or sediment, and ingestion of contaminated food. Concentrations 
of the ECPCs measured in surface soil, surface water, and sediment samples are 
used to estimate contaminant exposures for wildlife receptors. Concentrations 
of ECPCs in groundwater are used to estimate potential contaminant exposures 
discharging to surface water only if current surface water data are not 
available. Typically, RME and CT concentrations are used to approximate 
reasonable maximum and average contaminant exposures. 

The actual amount of an ECPC taken in by a wildlife species as a result of 
indirect or direct ingestion of water, soil, or sediment is dependant on a number 
of factors. To consider these factors, certain species are selected as 
representative wildlife species for evaluation in a food-chain model. The 
representative wildlife species include mammalian and avian species representing 
the range of trophic levels and body sizes present at the site. Selection of 
representative wildlife species is based on the media of concern and available 
ecological habitats observed during the biological field investigation. Table 
2-4 summarizes how contaminant exposure concentrations are determined for ECPCs 
in surface soil, sediment, and surface water for the representative wildlife 
species evaluated in the food-web model. 

f---., 

A total Potential Dietary Exposure (PDE) is estimated for each representative 
wildlife species for each ECPC in all media according to the equations in Table 
2-4. The PDE is calculated based on the estimated concentrations of the ECPCs 
in food items that the species would consume; the amount of soil, surface water, 
or sediment that it would ingest; the relative amount of different food items in 
its diet; body weight; and food and water ingestion rate. If measurements of 
concentrations of contaminants in prey items have been collected, these values 
are used in place of the estimated values. 

Prey items for wildlife species in the food-web exposure models include 
invertebrates and plants. Concentrations of ECPCs in invertebrates and plant 
tissue are estimated using Bioaccumulation Factors (BAFs). BAFs in invertebrates 
and plants are defined as the ratio of the ECPC concentration in plant or 
invertebrate tissue to the ECPC concentration in surface soil. The BAFs reported 
for avian and mammalian receptors are defined as the reported ratios of ECPC 
concentrations in the tissues of these receptors to the concentrations of ECPCs 
in their food items. BAFs are extrapolated from literature values or regression 
equations in the scientific literature. If literature values are not available, 
then BAFs may be estimated using best professional judgement. 

The Site Foraging Frequency (SFF) allows for consideration of the frequency of 
feeding in the site area by estimating the acreage of the site relative to the 
receptor's feeding range andby considering the fraction of the year the receptor 

--. 
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Table 2-4 
Model for Estimation of Chemical Exposures for Representative Wildlife Species 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Estimation of Contaminant Exposures Related to Surface Soil 

Description: Estimates the amount (dose) of a contaminant ingested and accumulated by a species via incidental ingestion of contaminated 
surface soil and ingestion of contaminated food items. 

Soil Contaminant Concentration: Maximum: The maximum detected concentration of the ecological chemicals of potential concern (ECPCs) when the number of 
samples is 5 9, and the lesser of the maximum detected concentration or the 95th percent upper confidence limit 
(UCL) when the number of samples is 2 10. 

Average: Average of all concentrations. If the average is greater than the maximum exposure point concentration (EPC), the 
maximum EPC was selected. 

Concentration of a Contaminant in a Food Contaminant Soil Contaminant or Prey Item 

Food Item (T,): 
Concentration =BAFX Concentration 

(mg/kg) (w/W 

where 
BAF = bioaccumulation factor or mg/kg fresh weight tissue over mg/kg dry weight soil for invertebrates and 

plants, and mg/kg fresh weight tissue over mg/kg fresh weight food for small mammals and small birds. 

Potential Dietary Exposure (PDE): 
pDE= @1xT,+P,xT,+... + PNx TN + soil exposure] x IRoiet x SFFxED 

BW 

where 
PDE = potential dietary exposure (mg/kg BW-day), 
P, = percent of diet composed of food item N, 
T, = tissue concentration in food item N (mg/kg), 

IR,i.t = food ingestion rate of receptor (kg of food or dietary item per day), 
BW = body weight (kg) of receptor, 
SFF = site foraging frequency (site area [acres] divided by home range [acres]), assumed to be equal to 1 for 

lethal exposure scenario, and 
ED = exposure duration (fraction of year species is expected to occur onsite). 

Soil Exposure: 
Soil Contaminant 

soi~m~~k~e = (% of Diet as Soil) X Conrx;ji;,tion 

See notes at end of table. 



Table 2-4 (Continued) 
Model for Estimation of Chemical Exposures for Representative Wildlife Species 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Estimation of Contaminant Exposures Related to Surface Water, Groundwater, and Sediment 

Description: Estimates the amount of a contaminant ingested and accumulated by a species resulting from ingestion of surface water, 
(and groundwater discharging to surface water) incidental ingestion of sediment, and ingestion of contaminated aquatic 
food items, 

Contaminant Concentration: Same as described above for soil. 

Contaminant Concentration in Aquatic Prey 
Tissue (mg/kg): Aquatic.Frey Sediment Contaminant Surface Water / Groundwater 

Concentration 
Contamlnaqt = [ BAFX Concentration I + [BCFX Contaminant 

hdkd (w/kg) Concentration] 
(mg/P) 

I 

where 
BCF = bioconcentration factor (mg/kg of contaminant in food item per mg/e of contaminant in water). Only 

BCFs greater than 300 were considered. 
BAF = bioaccumulation factor (see note above). 

Sediment Exposure: c;g%gt = % yet x (Ii&&& x Sed-g!&~~~~~~y$y~ 

(mg/day) Sediment (w/kg) 

Surface Water Exposure: Surface Water / Groundwater Surface Water / Groundwater 
Contaminant Contaminant Water Ingestion 

Exposure 
= Concentration X Rate 

(mg/day) (mg/C) (P/day) 

Aquatic Prey Exposure: 
Aquatic Prey % Diet Aquatic Prey 

Exposure = as 
Contaminant 

hg/ day) Aquatic Prey x (ky/%$) x Concentration 
(w/W 

where 
IRdiet = food ingestion rate of receptor (kg of food per day). 

See notes at end of table. 



Table 2-4 (Continued) 
Model for Estimation of Chemical Exposures for Representative Wildlife Species 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Estimation of Contaminant Exposures Related to Surface Water and Sediment 

Total Exposure Related to Surface Water and 
Sediment: 

Aquatic Prey Surface Water / Groundwa ter Sediment 
Potential 
Dietary = 

Exposure + 
(mglkg) 

Exposure 
(w/W 

+ Exposure 
(w/kg) 

Exposure 
(w/kg) 

BW 

where BW = body weight (kg) of receptor. 

Notes: 5 = less than or equal to. 
L = greater than or equal to. 
mg/kg = milligrams per kilogram. 
mg/kgbw-day = milligrams per kilogram body weight per day. 
kg = kilogram. 
% = percent. 
mg/! = milligrams per liter. 
mg/day = milligrams per day. 
kg/day = kilograms per day. 
Lldav = liters oer dav. 



would be exposed to site-related chemicals. By definition, the SFF cannot exceed 
one. fin 

For each representative wildlife species, the estimated percentage of soil in the 
overall diet is multiplied by the concentration of each ECPC in the soil and the 
food ingestion rate (kilograms per day [kg/day]) to determine the soil exposure 
concentration. Incidental soil ingestion associated with foraging activities is 
based on a study by Beyer and others (1991), the USEPA Exposure Factors Handbook 
(USEPA, 1993), or is conservatively assumed to represent 5 percent of the total 
dietary intake. 

2.4.3.2 Terrestrial Plants and Soil Invertebrates Exposure routes for 
terrestrial plants and soil invertebrates include direct contact with and 
ingestion of surface soil. Concentrations of the ECPCs measured in surface soil 
samples are used to estimate contaminant exposures for terrestrial plants and 
soil invertebrates. Typically, RME and CT concentrations are used to approximate 
reasonable maximum and average contaminant exposures. Surface soil samples 
collected for biological toxicity testing represent exposure of laboratory-grown 
test organisms to the actual mixture of contaminants in the soil, and represent 
a means for measurement of bioavailability and adverse responses to surface soil 
contamination. 

2.4.3.3 Aquatic Receptors Exposure concentrations for aquatic receptors are the 
amounts of the ECPCs measured in analytical samples of surface water and sediment 
at the respective sampling locations. Sediment samples collected for biological 
toxicity testing represent exposure of laboratory-grown test organisms to the 
actual mixture of contaminants in the system, and represent a means for 
measurement of bioavailability and adverse responses to sediment contamination. 

2.4.4 Ecolopical Effects Assessment The ecological effects assessment describes 
the potential adverse effects to ecological receptors associated with the 
identified ECPCs and reflects the type of assessment endpoints selected. The 
general methods used for identifying and characterizing ecological effects for 
ECPCs in surface soil, surface water, sediment, and groundwater are described in 
the following paragraphs. 

2.4.4.1 Surface Soil The measures of adverse ecological effects associatedwith 
exposure to surface soil for terrestrial wildlife and terrestrial plants and soil 
invertebrates are discussed separately. 

Terrestrial and Wetland Wildlife. Potential adverse ecological effects for 
wildlife are estimated for each surface soil ECPC based on available literature 
information. Reference toxicity values (Rms) are derived for avian and 
mammalian representative wildlife species according to the data hierarchy 
presented in Ecological Risk Assessment Guidance for Superfund: Process for 
Designing and Conducting Ecological Risk Assessments, Interim Final (USEPA, 
1997a). The RTV represents the lowest exposure level (e.g., concentration in the 
diet) shown to produce adverse effects (e.g., reduced growth, impaired 
reproduction, increased mortality). For each ECPC, two RTVs representing lethal 
and sublethal effects are selected for each representative wildlife species. 
Lethal effects are those that result in mortality while sublethal effects impair 
or prevent reproduction, growth, or survival. The RTVs are assumed to be a 
measure of the assessment endpoints for protection of the survival, growth, and 
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reproduction of terrestrial wildlife populations. Lethal and sublethal RTVs are 
developed using the following data hierarchy: 

(1) For contaminants with well-documented adverse effects, the highest 
exposure level that is a no observed adverse effect level (NOAE:L) is 
selected as the RTV. 

(2) If NOAEL values are not available, one-tenth of the lowest observed 
adverse effect level (LOAEL) is selected as the RTV. 

(3) If NOAEL or LOAEL values are not available, an oral LD,, (oral dose 
lethal to 50 percent of a test population) is used to derive the lethal 
RTV. The lethal RTV is one-fifth of the lowest reported LD,, value for 
the species that is most closely related to the representative wildlife 
receptor. One-fifth of an oral LD,, value is considered 'to be 
protective of lethal effects for 99.9 percent of individuals in a test 
population (USEPA, 1986). An assumption is made that the value 
represented by one-fifth of an oral LD,, would be protective of 99.9 
percent of the individuals within the terrestrial wildlife populations 
and represents a level of acceptable risk. 

If neither lethal nor sublethal toxicity information are available for an ECPC, 
it is not possible to identify RTVs and risks associated with the predicted 
exposure for the respective ECPC are not quantitatively evaluated. However, the 
absence of specific data for a taxonomic group dose not imply "no toxicological 
effects." In the absence of specific dose-response data for a particular 
taxonomic group, a qualitative discussion of potential risks is presented in the 
"Risk Characterization" and "Uncertainties" sections of the ERA. 

Terrestrial Plants and Soil Invertebrates. The toxicity of ECPCs in surface soil 
is either measured by use of soil laboratory toxicity tests or evaluated based 
on literature information. Soil biological toxicity testing is available for 
some sites and includes a 14-day survival toxicity test with earthworms (Eisenia 
foetida) and a seed germination toxicity test with lettuce seed (Lactuca sativa) 
(Green et al., 1989). Bioaccumulation of contaminants in earthworms was 
determined for some sites by measuring the concentrations of contaminants in worm 
tissue following completion of the soil toxicity testing. In absence of 
biological toxicity testing, literature information is consulted to evaluate the 
toxicity of ECPCs in surface soil to soil invertebrates and terrestrial plants. 
Concentrations of ECPCs in surface soil reported to be toxic to soil inverte- 
brates and terrestrial plants are compared with site concentrations to evaluate 
risks. 

2.4.4.2 Surface Water and Sediment Lethal and sublethal RTVs are identified for 
each ECPC in sediment and surface water for the 
as previously described in Paragraph 2.4.4.1. 

representative wildlife species, 
Potential adverse ecological 

effects associated with ECPCs for aquatic receptors are evaluated by comparing 
the ECPC concentrations in surface water and sediment samples with available 
standards and reported toxicity benchmark values. State of Florida Surface Water 
Quality Standards (FSWQS) (Florida Legislature, 1993) and Federal Ambient Water 
Quality Criteria (AWQC) (USEPA, 1991d) are considered. Additional aquatic 
toxicity information for ECPCs is obtained from searches of the USEPA Aquatic 
Information Retrieval (AQUIRE) database. Sediment toxicity benchmarks selected 
for comparison to detected sediment concentrations include NOAA Effects Range-Low 
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(ER-L) and Effects Range-Median (ER-M) sediment guidelines (Long and Morgan, 
1993; Long et al., 1995), State of Florida sediment guidelines (MacDonald, 1994), 
USEPA Sediment Quality Guidelines (SQGs) based on equilibrium partitioning 
(USEPA, 1988a), and Ontario Ministry of the Environment (OME) Low Effects Level 
(LEL) Provincial SQGs (Persaud et al., 1992). 

2.4.4.3 Groundwater Potential adverse effects associated with ECPCs in 
groundwater are derived from literature-reported aquatic toxicity testing 
results. Aquatic toxicity information for the ECPCs is obtained from searches 
of the USEPA AQUIRE database. Additional toxicity benchmarks include the FSWQSs 
(Florida Legislature, 1993) and USEPA AWQC (USEPA, 1991d). Groundwater is only 
evaluated where transport of contamination to a nearby surface water body is 
reasonably expected to occur. 

2.4.5 Risk Characterization The following paragraphs describe how risks are 
characterized for ecological receptors. Potential adverse ecological effects are 
characterized separately for terrestrial and wetlands wildlife, terrestrial 
plants, and soil invertebrates resulting from exposure to ECPCs in surface soil, 
surface water, sediment, and groundwater. Risks are characterized for aquatic 
receptors for exposures resulting from ECPCs in surface water, sediment, and 
groundwater. 

2.4.5.1 Surface Soil Risks associated with exposure to surface soil are 
characterized separately for terrestrial wildlife and terrestrial plants and soil 
invertebrates. 

Terrestrial and Wetland Wildlife. Risks for the representative wildlife species 
associated with ingestion and bioaccumulation of ECPCs in surface soil and prey 
items are quantitatively evaluated using hazard quotients (HQs), which are 
calculated for each ECPC by dividing the estimated dietary exposure concentration 
or PDE by the toxicological benchmark or RTV. Hazard indices (HIS) are 
determined for each receptor by summing the HQs for all ECPCs. When the 
estimated PDE is less than the RTV (i.e., the HQ less than l), it is assumed that 
exposures to individual chemicals would not be associated with adverse effects 
to receptors (i.e., inhibited growth, reproduction, and survival of the 
individual organism) and that no risks to wildlife populations are assumed. When 
the HI is greater than 1, an evaluation of the HQs comprising the HI is 
completed. The number of affected individuals in a population presumably 
increases with increasing HQ or HI values; therefore, the likelihood of 
population-level effects occurring is generally expected to increase with higher 
HQ or HI values. 

This hazard ranking scheme evaluates potential ecological effects to individual 
organisms and does not evaluate potential populationwide effects. In many 
circumstances, lethal or sublethal effects may occur to individual organisms with 
little population- or community-level impacts; however, as the number of 
individual organisms experiencing toxic effects increases, the probability that 
population effects will occur also increases. The number of affected individuals 
in a population presumably increases with increasing HQ or HI values; therefore, 
the likelihood of population-level effects occurring is generally expected to 
increase with higher HI values. 

Terrestrial Plants and Soil Invertebrates. Risks for terrestrial plants and soil 
invertebrates are characterized based on the responses of the test population 
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observed in the toxicity testing. If adverse effects are observed in either of 
the toxicity tests, simple linear regressions are completed to determine if a 
correlation(s) exists between the concentration of an analyte and the adverse 
response measured in the bioassay. If biological toxicity testing results are 
not available, risks for terrestrial plants and soil invertebrates are 
characterized based on comparison of site surface soil concentrations with 
literature-reported RTVs. Further qualitative consideration is given based on 
apparent health of communities observed in field investigations and the 
likelihood that analytes are associated with site contaminant sources. 

2.4.5.2 Surface Water and Sediment Risks associatedwith exposures to ECPCs in 
surface water and sediment are characterized separately for wildlife and aquatic 
receptors. 

Risks for the representative wildlife species associated with ingestion of 
surface water, potentially contaminated aquatic life, and sediment are 
quantitatively evaluated using HQs, which are calculated for each ECF'C by 
dividing the estimated contaminant exposure concentration by the RTV. His are 
determined for each representative wildlife species by summing the HQs for all 
ECPCs. When the estimated exposure concentration of an individual ECPC is less 
than the respective RTV (i.e., the HQ is less than 1), the contaminant exposure 
is assumed to fall below the range considered to be associated with adverse 
effects for growth, reproduction, and survival (of the individual organism) and 
no risks to the wildlife populations are assumed. When the ratio is greater than 
1 (i.e., HQ or HI is greater than 1), a discussion of the ecological significance 
is included and risk is assumed. When HIS are greater than 1, an evaluatison of 
the HQs comprising the HI is completed. 

Risks for aquatic receptors are characterized for each sampling location based 
on a weight-of-evidence evaluation of the following factors: 

. presence or absence of analytes in surface water and sediment samples; 

. concentrations of analytes measured in surface water and sediment 
samples; 

. comparison of concentrations of ECPCs in unfiltered surface water to 
reported toxicity of the ECPC in laboratory tests (AQUIRE information), 
Federal AWQCs (USEPA, 1991d), and FSWQSs (Florida Legislature, 1996); 

. comparison of concentrations of ECPCs in sediment relative to NOAA ERL 
and ERM sediment guidelines (Long and Morgan, 1993; Long and others, 
1995), Florida sediment screening guidelines (MacDonald, 1994), USEPA 
SQG (USEPA, 1988a), and OME LEL provincial sediment quality guidelines 
(Persaud et al., 1992); and 

. physical and chemical factors in the aquatic environment (other than 
chemical contamination). 

2.4.5.3 Groundwater If surface water data are not available and migration of 
groundwater to a nearby surface water body is reasonably expected to occur, risks 
to terrestrial and wetland wildlife associated with exposures to ECPCs in 
unfiltered groundwater are evaluated. Risks for aquatic life associated with 
exposures to ECPCs in unfiltered groundwater as it discharges to surface 'water 
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are evaluated. Predicted concentrations of the ECPCs in surface water are 
compared to toxicity information from AQUIRE and promulgated State and Federal 
standards. When exposure concentrations exceed the toxic concentrations or 
standards, the magnitude and probability of risks are characterized. If 
available, toxicity testing results of groundwater samples are used to 
characterize risks. 

f--Y. 

2.4.6 Uncertainty Analysis The objective of the uncertainty analysis is to 
discuss the assumptions of the ERA process that may influence the risk assessment 
results and conclusions. General uncertainties inherent in the risk assessment 
process are included in Table 2-5. Specific uncertainties associated with the 
assessment are discussed in the site-specific ERAS. 

2.5 HUMAN HEALTH RISK ASSESSMENT (HHRA) METHODOLOGY. The HHRA for RI activities 
at NAS Whiting Field is conducted according to CERCLAmethodology. The following 
Federal and USEPA Region IV guidelines are used to direct and support the HHRA: 

. Risk Assessment Guidance for Superfund, Volume I, Human Health 
Evaluation Manual, Part A (USEPA, 1989a); 

. Supplemental Guidance to RAGS: Region IV Bulletins, Human Health Risk 
Assessment (USEPA, 1995b); 

. Exposure Factors Handbook, (USEPA, 1993); 

. Human Health Evaluation Manual, Supplemental Guidance, Standard Default 
Exposure Factors (USEPA, 1991e); and /a 

. Guidance for Data Useability in Risk Assessment (Part A) (USEPA, 
1992e). 

The purpose of the HHRA is to characterize the risks, both current and future, 
associated with potential exposures to site-related contaminants at NAS Whiting 
Field. The HHRA is composed of five parts: (1) data evaluation and summariza- 
tion; (2) identification ofhumanhealth chemicals of potential concern (HHCPCs); 
(3) an exposure assessment covering both current and future uses of the site; (4) 
a toxicity assessment of HHCPCs; and (5) risk characterization with an 
uncertainty analysis. 

2.5.1 Data Evaluation The data used in a risk assessment must meet certain 
criteria. Data needs should be considered prior to site sampling; however, in 
many cases a subset of the data must be selected to characterize exposures at the 
site. The site is not defined by the specific property boundary but rather is 
the area that was potentially contaminated or to which contamination may have 
migrated. Data are considered usable if the criteria listed below are met. 

. Sample quantitation limits are below USEPA Region III Risk-Based 
Concentrations (RBCs) and Florida cleanup goals (soils and sediments) 
and State and Federal maximum contaminant levels (MCLs) and USEPA 
Region III RBCs for tapwater (groundwater), and Florida and USEPA 
Region IV water quality standards (surface water). 
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Table 2-5 
Potential Sources of Uncertainty in Ecological Risk Assessment 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, florida 

Potential Source 
Direction of 

Effect 
Justification 

Uncertainties Associated with ECPC Selection Process 

Degradation of chemicals not 
considered 

Overestimate Risk estimates are based on recent chemical con- 
centrations. Concentrations will tend to decrease over 
time from degradation and the formation of daughter 
products. 

No evaluation of TIC data Underestimate Risk was not calculated for potential exposure to 
these compounds. 

Screening of sediment ECPCs Underestimate Several of the USEPA Region IV sediment scrleening 
values are based on laboratory CRQLs, not sedi- 
ment toxicity data. Because some ECPCs may 
have been screened out of the risk assessment 
because their concentrations are less than the sedi- 
ment screening value, this may result in an underes- 
timate of risk. 

Uncertainties Associated with Exposure Assessment 

Food chain assumed to occur at 
site 

Food-chain model exposure pa- 
rameter assumptions 

Uncertain occurrence of receptors 
at sites 

Assumption that receptor species 
will spend equal time at all habi- 
tats within home range 

Extrapolation from test species to 
representative wildlife species 

Consumption of contaminated 

prey 

Limited evaluation of dermal or 
inhalation exposure pathways 

Unknown Occurrence of the food chain used in the mosdels at 
the sites is unknown. 

Unknown Some exposure parameters are from the literature 
and some are estimated. Efforts were made to select 
exposure parameters representative of a variety of 
species or feeding guilds, so that exposure estimates 
would be representative of more than a single spe- 
cies. 

Unknown Actual occurrence at the sites by receptors oonsid- 
ered in the food-chain models is uncertain. 

Unknown Organisms will spend varying amounts of time in 
different habitats, thus affecting their overall expo- 
sures. 

Unknown Species differ with respect to absorption, metabolism, 
distribution, and excretion of chemicals. The magni- 
tude and direction of the difference will vary with 
each chemical. 

Unknown Toxicity to prey receptors may result in sickness or 
mortality. Fewer prey items would be available for 
predators. Predators may stop foraging in areas with 
reduced prey populations, or discriminate against, or 
conversely select contaminated prey. 

Underestimate The dermal exposure pathway is generally considered 
insignificant due to protective fur, feathers, and 
chitinous exoskeleton. Inhalation pathways are 
qualitatively evaluated only in areas where burrowing 
animals may occur and volatile constituents are of 
concern. 

See notes at end of table. 
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Table 2-5 (Continued) 
Potential Sources of Uncertainty in Ecological Risk Assessment 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Potential Source 
Direction of 

Effect 
Justification 

Maximum exposure scenarios Overestimate It is unlikely any receptor would be exposed concur- 
rently to maximum concentrations of all EGPCs. 

Missing BAF or RTV values Underestimate BAFs and RTVs were not available in the literature for 
many compounds and receptor classes (i.e., small 
birds); therefore, these gaps result in an underesti- 
mate of the total risk represented by the summary HI. 

BAF estimation Unknown As many literature values were not available for some 
species and analytes, alternate BAFs were derived 
using other assumptions or regressions . There is 
additional uncertainty related to the averaging of log 
K,, values for certain classes of semivolatile organic 
compounds prior to calculating BAFs using the Travis 
and Arms (1988) regression equations, resulting in an 
overestimate of risk for some compounds and an 
underestimate of risk for other compounds. 

Continuous uptake and bioaccu- 
mulation of ECPCs by soil biota 

Unknown Tissue and organ responses to ECPC uptake were 
represented by a linear function, which is an over- 
simplification of a more complex system (Le., trophic 
states and lipid concentrations may affect bioaccum- 
ulation). 

Bioaccumulation of ECPCs in 
leafy portions of plants 

Overestimate Ryan .and others (1988) state that compounds with 
log K,, values >5 are unavailable to plants due to 
soil sorption. Compounds with log KO, values >5 will 
be taken into the roots of plants, but are not easily 
transported into the leafy parts of plants (Briggs and 
others, 1982; 1983). The surface soil and ingestion 
exposure model overestimates ECPC exposure via 
plant ingestion to those receptors that only eat the 
leafy portions of plants. 

Use of unfiltered surface water 
samples 

Overestimate Measurement of ECPC concentrations in unfiltered 
samples includes both dissolved and particulate 
fractions. The dissolved fraction is considered to be 
the biologically available component. 

Relative uptake of inorganics by 
different plant species 

Unknown Estimated plant BAFs for certain inorganics were 
based on BAF data for leafy produce grown in sew- 
age sludge. Variability in type of plant and substrate 
may make the chosen BAF values an overestimate or 
underestimate of actual uptake. 

See notes at end of table. 
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Table 2-5 (Continued) 
Potential Sources of Uncertainty in Ecological Risk Assessment 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Potential Source 
Direction of 

Effect 
Justification 

Uncertainties Associated with Effects 

Lack of toxicity information for 
reptile species 

Unknown Information is not available on the toxicity of che- 
micals to reptilian species resulting from dietary or 
oral exposures. lt is assumed that if mammalls and 
birds are protected, then reptiles should be protected 
also; therefore, reptiles were not evaluated in the risk 
assessment. However, reptiles may not be protected 
if they are more sensitive than mammals or birds. 

Use of measurement endpoints Overestimate Although an attempt was made to have measure- 
ment endpoints reflect assessment endpoints, limit- 
ed available ecotoxicological literature resulted in 
the selection of certain measurement endpoints that 
may overestimate assessment endpoints. 

Lack of toxicity information for 
mammals or birds 

Underestimate Reference toxicity values for certain compouncls 
and receptor groups were not available, therebly 
causing underestimation of the risk predicted by the 
summary HI. 

Uncertainties Associated with Risk Characterization 

Risk evaluated for individual ter- 
restrial receptors only 

Overestimate Effects on individual terrestrial organisms may occur 
with little population or community-level effects. 
However, as the number of affected individuals 
increases, the likelihood of population-level effects 
increases. 

Effect of decreased prey item 
populations on predatory recep- 
tors 

Unknown Adverse population effects to prey items may reduce 
the foraging population for predatory receptors, but 
may not necessarily adversely impact the population 
of predatory species. 

Multiple conservative assumptions Overestimate Cumulative impact of multiple conservative assump- 
tions yields high risk to ecological receptors, anld may 
result in risk at background concentrations or the 
prediction of risks when there is no potential for 
adverse effects. 

Summation of effects (HIS) Unknown The assumption that effects are additive ignores 
potential synergistic or antagonistic effects. It as- 
sumes similarity in mechanism of action, which is not 
the case for many substances. Compounds may 
induce toxic effects in different organs or sytiems. 

Notes: ECPC = ecological chemical of potential concern. 
TIC = tentatively identified compounds. 
USEPA = U.S. Environmental Protection Agency. 
CRQLs = contract-required quantitation limits. 
BAF = bioaccumulation factor. 
RNs = reference toxicity values. 
HI = hazard index. 
KO, = octanol-water partition coefficient. 
> = greater than. 
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. Soil samples are considered surface depths of less than 2 feet. 

. Groundwater samples were collected in a manner to reduce turbidity. 

. Subsurface soil samples are from depths between 2 to 15 feet depending 
on the subsurface soil intervals (i.e., if the interval is 12 feet to 
14 feet and 15 feet to 20, then the HHRA would consider the intervals 
less than and including 12 to 14 feet). 

. All detected concentrations with "J" qualifiers are considered positive 
detections; data with "U" and "UJ" qualifiers are retained in the risk 
assessment as nondetects; and "R" qualified data are not considered in 
the risk assessment (validation qualifiers supersede laboratory 
qualifiers when both are noted) (USEPA, 1992e). 

. Common laboratory contaminant results detected in environmental samples 
are considered detects only if site concentrations exceed 10 times 
their respective maximum concentrations in associated blanks (USEPA, 
1992e). Sample results that are less than 10 times their respective 
maximum concentration in associated blanks are considered nondetects. 

This comparison is typically conducted in data validation and is not 
considered a standard component of each HHRA report. 

. Analytical sample results for chemicals that are not common laboratory 
contaminants are considered detects only if site concentrations exceed 
five times their respective maximum concentrations in associated 
blanks. Sample results that are less than five times their respective 

..:,Tb 

maximum concentrations in associated blanks are considered nondetects. .* 
This comparison is typically conducted in data validation and is not 
considered a standard component of each HHRA report. 

. If the analyte is detected in 5 percent or fewer of the samples 
(minimum 20 samples) it will not be considered in the HHRA. 

Additionally, the analytical data will be evaluated to determine if tentatively 
identified compounds (TICS) need further consideration in the risk assessment. 
If the number of TICS is small relative to the number of TAL and TCL chemicals, 
then TICS will not be quantitatively assessed. If the number of TICS is large, 
then TICS will be included in the quantitative assessment, and the uncertainty 
of the identity and concentration of these compounds will be addressed in the 
uncertainty analysis of the risk characterization. 

2.5.2 Identification of HHCPC HJXPCs are generally a subset of all analytes 
detected in the media at a site. HHCPCs include analytes that are 

. positively identified in at least one sample, 

. detected at levels significantly above blank concentrations, 

. detected at levels above background levels (inorganics only), and 

. detected at a greater than 5 percent frequency when there are 20 or ‘,----k 
more samples. _x 
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Chemicals that do not contribute significantly to human health risks are removed 
or screened from further consideration as HHCPCs, as recommended by USEPA. 
Analytes are excluded from the HHCPCs if they meet any one of the following 
criteria: 

Less Than Background Screening Concentrations (inorganics only). If the 
maximum detected concentration of an analyte is less than twice the 
arithmetic mean of the background concentration, the analyte is not 
selected as an HHCPC (USEPA, 1995b). The background screening values for 
each chemical detected in surface soil, subsurface soil, groundwater, 
surface water, and sediment are presented in Chapter 3.0 of this report and 
will be presented in each site-specific RI report. 

Less Than 5 Percent Frequency of Detection. If an analyte has a frequency 
of detection (number of samples in which the analyte is detected divided by 
the number of samples analyzed for that analyte) of less than 5 percent 
(USEPA, 1995b) and is not selected as an HHCPC in another medium, it is not 
selected as an HHCPC. This comparison will be conducted only when there 
are 20 or more samples in the media of concern. 

Less Than Risk-Based Screening Concentrations. Standards, and Guidelines 
If the maximum detected concentration of the analyte in a medium is= 
than its corresponding adjusted USEPA Region III RBC (October 1997) and 
less than Federal and State standards and guidelines, the analyte is not 
selected as an HHCPC (USEPA, 199513). In the USEPA Region III RBC table, 
the target HQ is 1 and the target cancer risk is 1~10~~. All RBCs for 
noncarcinogens are adjusted for a target HQ of 0.1 per Region IV guidance 
(USEPA, 1995b). The Region III RBCs are identified in Table C-1 of 
Appendix C. The adjusted RBC values will be presented in each site- 
specific report. Any updates to the Region III RBC table will be 
referenced in the site-specific report. 

The residential soil RBCs are used for surface soil and sediment. No RBC 
is available for lead in soil due to a lack of toxicity data. Based on 
USEPA recommendation, a target level of 400 milligrams per kilogram (mg/kg) 
for cleanup at Superfund sites for lead is used as the RBC for lead in soil 
(USEPA, 1994). The maximum detected concentrations of analytes in surface 
soil and sediment are also compared to residential Florida soil cleanup 
goals (FDEP, 1995a). The maximum detected concentration of any organic 
analyte in surface soil that was also detected in groundwater (above a 
standard or guideline) is compared to the Florida leaching value for that 
analyte. The Florida leaching values (September 29, 1995, and January 19, 
1996) and the Florida soil cleanup goals (September 29, 1995, and January 
19, 1996) are presented in Table C-2 of Appendix C. 

For subsurface soil, industrial soil RBCs are used. The RBCs for 
noncarcinogenic analytes are adjusted for an HQ of 0.1 per Region IV 
guidance (USEPA, 1995b). The adjusted RBC values will be presented in: each 
site-specific report along with any updates to the Region III RBC table. 
Maximum detected concentrations of analytes in subsurface soil are also 
compared to industrial Florida Soil Cleanup Goals (FDEP, 1995a; 1996). The 
maximum detected concentration of any organic analyte in subsurface soil 
that was also detected in groundwater above a standard or guideline is 
compared to the Florida leaching value for that analyte. 

WHT-RIFS.GIR 
PMW.Ol.99 2-47 



For groundwater, tap water RBCs are used. No RBC is available for lead in 
groundwater; therefore, the treatment technology action level for lead in 
drinking water of 15 micrograms per liter (pg/R) is used (USEPA, 1994). 
The maximum detected concentrations of analytes in groundwater are also 
compared to Federal MCLs (USEPA, 1996) and Florida Guidance Concentrations 
(FDEP, 1994). These values are presented in Appendix C. 

Less Than Water Quality Standards. If the maximum detected concentration 
in surface water is less than the lesser of the Federal standards and 
FSWQSs for human health consumption of water and organisms, then the 
chemical is not retained as an HHCPC. 

Less Than Essential Nutrient Screening Values. If the maximum detected 
concentration of an essential nutrient (i.e., sodium, potassium, magnesium, 
chloride, iodine, phosphorus, and calcium) in a medium (i.e., average 
concentration in groundwater) is below a toxic level and consistent with or 
only slightly above its background concentration, the essential nutrient is 
not selected as an HHCPC. The derivation of essential nutrient screening 
values is presented in Appendix C. 

If the analyte meets any of the above criteria, is not a member of the same 
chemical class as other HHCPCs in the medium, and is not a breakdown product of 
other HHCPCs in the medium, then the analyte is not selected as an HHCPC. After 
applying these criteria with professional judgment, HHCPCs are identified for 
each medium. Analytes that are not selected as HHCPCs will be clearly identified 
in tables and the justification for their exclusion noted. 

2.5.3 Human Health Exposure Assessment Exposure assessment estimates the types 
and magnitudes of potential human exposure to HHCPCs. This process involves four 
steps: 

. characterization of the exposure setting, 

. identification of exposure pathways, 

. determination of exposure point concentrations (EPCs), and 

. quantification of exposures. 

2.5.3.1 Characterization of Exposure Setting The physical characteristics of 
the site and the nature of the surrounding populations are evaluated to provide 
a basis for assessing potential exposures. The HHRA summarizes important site 
characteristics that may influence human contact with site contaminants, 
including surface conditions, soil type, degree of vegetative cover, climate, 
geology, and conditions that affect the migration of contaminants, such as speed 
and direction of groundwater flow. 

Evaluation of population characteristics includes the location of current 
populations relative to the site and the daily activities of these populations. 
The current land usage is considered along with long-term proposed or planned 
land usage in determining the possible exposure scenarios (e.g., residential, 
commercial, industrial, or recreational). 

Demographics are also characterized and identified for the populations residing 
and working near the site, the activity patterns or residents and workers, and 
the locations of potentially sensitive subpopulations such as children or elderly 
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persons. Sources of this information include site visits, previous investigation 
reports, maps, aerial and standard photographs, and personnel interviews. 

2.5.3.2 Identification of Exposure Pathways This step involves the identifica- 
tion of all relevant exposure pathways (current and future) through which 
specific populations may be exposed to contaminants at the site. An exposure 
pathway consists of four necessary elements: a source or mechanism of chemical 
release, a transport or retention medium, a point of human contact, and a route 
of exposure at the point of contact (USEPA, 1989a). 

The first step in defining potential exposure pathways is to identify all sources 
of contamination (e.g., surface water, sediment, groundwater, air, surface soil, 
and subsurface soil). Once sources are identified, relevant fate and transport 
mechanisms are evaluated to predict current and potential future exposures. 
Population characteristics are then used to identify where people may contact 
contaminated media and the possible routes of exposure (e.g., inhalation, 
ingestion, or dermal absorption). The receptors to be evaluated are selected 
based on the current and realistic future use of the site and surrounding #area. 
Site-specific exposure pathways are identified for each site. For most sites, 
five potentially exposed population scenarios may be used: (1) child and .adult 
residents, (2) adolescent and adult recreational users or trespassers (includes 
receptors with limited frequency of exposure), (3) site maintenance workers, (4) 
occupational workers, and (5) excavation workers. Site maintenance workers are 
defined as workers performing outdoor tasks with minimal contact time with 
surface soils. For example, lawn mowing or light landscaping activities would 
be consistent with the types of typical exposures assumed for a site maintenance 
worker. Risks to site maintenance workers are assessed assuming they will come 
into contact with all media except subsurface soil. Occupational workers are 
defined as office personnel and are assessed assuming they will receive 
negligible exposure to surface and subsurface soil and air as they walk in and 
out of the facility Excavation workers are defined as workers performing 
construction or invasive activities and are assumed to receive exposure via 
contact with surface and subsurface soil, inhalation of subsurface soil 
particulates, and, on a case-by-case basis, inhalation of groundwater particu- 
lates. It is assumed that they would not ingest groundwater because Occupational 
Safety and Health Administration (OSHA) requires that they bring their own 
potable water supply. Table 2-6 lists typical exposure pathway scenarios. The 
HHRA for each site identifies and evaluates those exposure pathways likely to be 
encountered at the site. 

The source of contamination or the initial receiving medium is usually the soil. 
Migration of contaminants from soil occurs through several different mechanisms, 
such as leaching to groundwater, water or wind erosion to other media, and 
absorption by plants. Analytes may accumulate in plants and animals that are in 
contact with soil or whose food sources are in direct contact with soil. 
Mechanisms for migration into air include volatilization (primarily VOCs) and 
wind erosion of contaminated soil (all types of contaminants). Overland flow of 
water can result in migration of contaminants to surface water bodies and 
sediment. This process can also lead to relocation of the contaminants to other 
surface soil. Infiltration can result inmigration into subsurface soil and into 
groundwater. Dissolved analytes (primarily soluble VOCs, SVOCs, and inorganics) 
are very mobile and may be transported to wells or discharged to surface water. 
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Table 2-6 
Complete Exposure Pathways Listed by Exposure Scenario 

Remedial Investigation and Feasibility Study 
General information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Exposure Medium, 
Exposure Route 

Surface Soil 

Site 
Excavation Occupational 

Adult Adolescent 
Maintenance 

Worker Worker 
Adult Child Trespasser/ Trespasser/ 

Worker Resident Resident Recreational Recreational 
(adult) 

(adult) (adult) 
User User 

Incidental ingestion X X X X X X X 
Dermal contact’ X X X X X X X 
Inhalation of particulates X X X X X X X 

Subsurface Soil 

Incidental ingestion 
Dermal contact’ 
Inhalation of particulates 

Groundwater 

X 
X 
X 

Ingestion 
Dermal Contact’ 
Inhalation of shower 

vapors* 

X X 

X 

- I Surface Water 

Incidental ingestion 
Dermal contact 

Sediment 

X X X X X 
X X X X X 

Incidental ingestion X X X X X 
Dermal contact’ X X X X X 

’ Chemical intake resulting from dermal contact with soil, sediment, and surface water for children is based on dermal 
guidance (U.S. Environmental Protection Agency [USEPA], 1992d) to account for changing surface areas and body 
weights to estimate the milligrams (mg) (or micrograms h]) of contaminant passing through the skin per exposure 
event. The approach for the adult exposures will follow the dermal guidance based on the surface area remaining 
constant, Dermal contact will not be evaluated for groundwater exposure. 
2 Inhalation of volatiles while showering. It is assumed that children under age 6 years do not shower. 

Note: x = exposure pathway potential. 
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The following exposure pathways are considered as a minimum in the evaluation of 
human health. 

. A residential scenario is included unless there is strong justification 
for excluding this pathway. There are residences on the southwest 
perimeter of NAS Whiting Field; therefore, a residential scenario would 
be appropriate as a future scenario for the sites located in this area. 

. A visitor, recreational user, or trespasser receptor that includes an 
adult- and adolescent-age subpopulation exposure is included as a 
potential current or future exposure scenario, as appropriate. 

. Because groundwater is used as a potable water source, then groundwater 
is evaluated in the conservative residential scenario. All potable and 
industrial wells are screened in the sand and gravel aquifer (ground 
surface to 300 feet bls), which is potentially affected by the sites at 
NAS Whiting Field. There are supply wells for each of the cities of 
Milton and Baker-Allentown, private irrigation wells, and residential 
private well within a 5-mile distance from the perimeter of NAS Whiting 
Field. Additionally, there are three NAS Whiting Field supply wells. 
Therefore, it may be appropriate to consider a current exposure to 
groundwater scenario for some sites. 

. Subsurface soil is evaluated as a potential short-term exposure 
scenario for construction and/or excavation workers as well as relative 
to the protection of groundwater from leaching. 

. Surface water and sediments are considered if they are used for recre- 
ation, as a potable water source, or as a fishery, as well as if 
current or future recreational user receptors are potentially exposed. 

Exposure scenarios will be developed as necessary to represent site-specific 
conditions. Institutional controls will be considered in the determination of 
exposure potential for current land-use scenarios. Future land-use plans will 
be considered in selecting the future potential exposure scenarios. 

2.5.3.3 EPC Concentrations of each HHCPC often vary widely over a site, and it 
would be futile to estimate health risks associated with exposure to all HHCPCs 
at every concentration detected at the site. Therefore, CT as well as upper 
bound (UB) concentrations are selected as values that are representative of the 
actual ranges of concentrations for each HHCPC in a given medium over the entire 
site. These values are together designated EPCs and are used in the estimates 
of health risks at the site. A CT and a UB EPC are selected for each HHCPC 
identified in the screening process described above. 

Due to the role of EPCs in deciding humanhealth risks, USEPA has issued specific 
guidance on the EPC determination process (USEPA, 198913) and calculation of the 
concentration term (USEPA, 1992a). This guidance states that the UB EPC is the 
lesser of the maximum detected concentration at the site or the 95 percent UCL 
of the arithmetic mean concentration, assuming a log-normal distribution of 
concentrations. The following equation is used to calculate the UCL on the 
arithmetic mean (USEPA, 1992a; 1995b): 
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UCL=e(E+ 0.5 s*+ * 1 (11) 

where: 

UCL = 95 percent upper confidence limit of estimated mean, 
e = constant (base of natural log, approximately equal to 2.718), 
2 zz arithmetic mean of log-transformed data, 
S = standard deviation of log-transformed data, 
H = H-statistic (Gilbert, 1987), and 
n = number of samples. 

In calculating the 95 percent UCLs, nondetections are assigned a concentration 
equal to one-half the sample quantification limit. If a sample quantification 
limit is not available, one of the following values is substituted: the method 
detection level or the CRQL for organics, or CRDL for inorganics. In cases where 
an analyte is detected in nine or fewer samples, the UCL is not calculated, and 
the UB EPC is equal to the maximum detected concentration (USEPA, 1995b). If a 
groundwater contaminant has been identified, an exception is made for the use of 
the UCL as the UB EPC for groundwater. The EWE EPC for groundwater should be the 
arithmetic average of the wells in the highly concentrated area of the plume 
(using only unfiltered groundwater samples) (USEPA, 1995b). 

The UB and CT EPC values are derived as point estimates by use of standard RAGS 
exposure equations and the CT EPC value is the average detected concentration. 
The CT EPCs will be used in risk calculations only when risks associated with the 
UB EPCs are above acceptable levels. Any central tendency exposure assessment 
and risk characterization results will be discussedinthe uncertainty subsection 
of the risk characterization discussion. 

2.5.3.4 Quantification of Exposures HHCPC intakes, via each exposure pathway, 
are calculated for each of the potentially exposed populations. Population- 
related variables that describe the characteristics associated with individual 
receptors in that population are selected. For example, intake is dependent upon 
contact rate, age, body weight, body surface area, exposure frequency, exposure 
duration, and averaging time. When possible, variables such as age, body weight, 
and body surface area are selected from the following USEPA guidance documents: 
Standard Default Exposure Factors (USEPA, 1991e), Dermal Exposure Assessment 
Principles and Applications (USEPA, 1992f), and the Exposure Factors Handbook 
(USEPA, 1989d). Central tendency parameters are obtained when possible from a 
USEPA Region VI Guidance Memorandum (USEPA, 1992d); when parameters are not 
available or seem inappropriate for use at a particular site, a USEPA Region IV 
risk assessor will be consulted. 

The general equation for calculating chemical intake from the various media is 

Intake (mg/kg-day) = [cx c~~WE~~T~x cF3 (12) 
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where: 

C = chemical concentration, media specific; 
CR = contact rate, media specific; 
EF = exposure frequency, population specific; 
ED = exposure duration, population specific; 
CF = conversion factor, media specific; 
BW = body weight of hypothetically exposed individual; and 
AT = averaging time (for carcinogens, AT=70 years times 365 days per 

year; for noncarcinogens, AT=ED times 365 days per year). 

Specific equations are used to calculate intakes from the different exposure 
pathways using site-specific exposure/intake informationwhenpossible. If site- 
specific exposure/intake information is not available, established default values 
are used in the risk calculation spreadsheets to calculate chemical intake. 
These default RME and CT parameters are listed in Appendix C. 

Some exposure pathways require additional calculations before intake values can 
be calculated. Following are brief explanations of the additional calculations 
required for the inhalation of particulates, inhalation of vapors while 
showering, and dermal absorption. A complete discussion of each of the following 
calculations is provided in Appendix C. 

Inhalation of Particulates from Soil. At sites having the potential for wind 
erosion, a modeling process is conducted. The relationship between the 
contaminant concentration in soil and the contaminant concentration in air (due 
to respirable particulates) is estimated by modeling site-specific particulate 
emission rates and dispersion. Alternatively the use of a default particulate 
emission factor (PEF) taken from FDEP guidance can be used (FDEP, 1995a). The 
Florida default PEF is 1.24 x 10' cubic meter per kilogram (m3/kg). EPCs are 
derived by determining contaminant air concentrations based on the calculated 
relationship between the contaminant concentration in soil and the contaminant 
concentration in air (due to respirable particulates). 

Inhalation of Vapors while Showering. For this exposure scenario, the 
contaminant concentrations in air are estimated based on release rates of 
volatiles from shower water. After reviewing the literature, the Foster and 
Chrostowski model (1987) was selected to predict bathroom air concentrations of 
volatiles and semivolatiles from groundwater. This theoretical approach was 
based on the experimental work of Andelman (1985). The specific equations used 
to determine concentrations of contaminants in bathroom air are presented in 
Appendix C. 

Dermal Absorption from Water. The absorbed dose is calculated in accordance with 
the USEPA Dermal Exposure Assessment: Principles and Applications, Interim 
Report (USEPA, 1992f). The permeability constant approach is used to describe 
the dermal absorption to contaminants in water. For all inorganic chemicals, the 
model assumes a permeability constant equal to that of water, which is a steady- 
state condition for all analytes. For organic compounds, a nonsteady-state model 
for absorption employs a dermal permeability constant estimated frosm the 
compound's octanol-water partition coefficient. 

Dermal Absorption from Soil. The absorbed dose from soil is calculated in 
accordance with the USEPA Dermal Exposure Assessment: Principles and Applica- 
tions, Interim Report (USEPA, 1992f). Percutaneous absorption of chemicals in 
soil is chemical dependent and matrix dependent. According to USEPA Region IV 
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guidance (USEPA, 1995b), absorption factors used in this risk assessment for 
organics and inorganics are 0.1 percent and 0.01 percent, respectively. A soil 
adherence factor of 1 milligram per square centimeter per event is used in the 
dermal RME intake equations (USEPA, 1995b). 

2.5.4 Toxicity Assessment The toxicity assessment evaluates the available 
evidence on the potential adverse effects associated with exposure to each 
analyte. With this information, a relationship between the extent of exposure 
and the likelihood or severity of adverse human health effects is developed. Two 
steps are typically associated with toxicity assessment: hazard identification 
and dose-response assessment. 

Hazard identification identifies adverse effects that have been associated with 
exposure to an agent and, more importantly, whether or not those effects will 
occur in humans. Characterizing the nature and strength of causation is also a 
part of the hazard identification step. Each site-specific RI report contains 
a toxicity profile for each HHCPC identified at that site. The toxicity profile 
describes the physical and toxicological properties of each contaminant. 

A dose-response assessment is conducted to characterize and quantify the 
relationship between intake, or dose, of an HHCPC and the likelihood or severity 
of a toxic effect, or response. There are two major types of toxic effects 
evaluated in this risk assessment: carcinogenic and noncarcinogenic. Following 
USEPA guidance (USEPA, 1989a), these two endpoints are evaluated separately. For 
carcinogens, USEPA weight-of-evidence classifications and numerical toxicity 
factors have been developed and have undergone extensive peer review. The most 
recent toxicity information will be used from the following sources (listed in 
the order of preference: Integrated Risk Information System (IRIS), Health 
Effects Assessment Tables (HEAST), Agency for Toxic Substances and Disease 
Registry Toxicology Profiles, and the USEPA Environmental Criteria and Assessment 
Office (now called the National Center for Environmental Assessment). 

In cases where no toxicity information is available, surrogate toxicity values 
are used to quantitatively assess risk. A toxicity value is selected from a 
related chemically and toxicologically similar compound. Also, in general, 
toxicity values that have been removed from IRIS and HEAST will be used when no 
replacement value is available (lead is a noteworthy exception). However, in 
situations where such a chemical becomes a significant contributor to site risk, 
an FDEP and Region IV risk assessor will be consulted. 

Toxicity values for the HHCPCs will be presented in the site-specific RI reports. 
The information will include by route of exposure: (1) the toxicity value, type 
of cancer observed in the toxicological study, the animal species used in the 
study (or noted if human data were the basis for the toxicity value), and the 
weight of evidence; and (2) the toxicity value, the critical effect observed in 
the study upon which the toxicity value is based, the uncertainty and modifying 
factors (for carcinogens and noncarcinogens, respectively) and the source. 

Cancer Toxicity Values. Toxicity factors for carcinogenic analytes include 
current slope factors, unit risk values, and weight-of-evidence classifications 
for all carcinogens. A chemical-specific toxicity value, called the Cancer Slope 
Factor (CSF), developed by the USEPA Carcinogen Risk Assessment Verification 
Endeavor group, is used to express the dose-response relationship. Another 
toxicity value developed by the USEPA is the cancer "unit risk." The unit risk 
describes the relationship between the exposure concentrationandthe probability / 
of a carcinogenic response during the lifetime of the individual. The unit risk 
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is the CSF divided by body weight (70 kg) and multiplied by the inhalation rate 
h (20 cubic meters per day) or the water consumption rate (2 liters per day). 

As required by USEPA Region IV guidance (USEPA, 1989a, 1995b), risks associated 
with dermal exposures are evaluated using CSFs that are specific to dermally- 
absorbed doses. Most oral CSFs are based on administered doses rather than 
absorbed doses (trichloroethene's CSF is a notable exception). It is, therefore, 
necessary to adjust those toxicity values based on administered doses before they 
are used for evaluation of absorbed doses. For dermal exposures, the toxicity 
values are adjusted as follows: 

(13) 

where: 

ABSEFF,,,, is the absorption efficiency in the study that is the basis 
of the oral toxicity value. If there is no information available on 
oral absorption efficiency, the conservative default values of 80 
percent for volatiles, 50 percent for SVOCs, and 20 percent for 
inorganics are used (USEPA, 1995b). 

Each site-specific RI report will provide the relevant information, such as the 
CSF and unit risk, as well as identify the critical study, which is the basis for 
those values, cancer type identified in the study, and weight-of-evidence 
classification. 

Toxicity Equivalence Factors (TEFs) for Carcinogenic Polvnuclear Aromatic 
Hydrocarbon (PAHs). Carcinogenic PAHs are a class of compounds with very 
similar, complex heterocyclic structures. Only one PAH, benzo(a)pyrene, has a 
published USEPA CSF. For the other carcinogenic PAHs, the toxicity has been 
addressed by using TEFs published by USEPA Region IV (USEPA, 1995b). The TEFs 
identify the relative potency of each compound relative to that of benzo(a)py- 
rene. Table 2-7 lists the TEFs used in the RI reports at NAS Whiting Field. 

TEFs are not CSFs, nor are they used to calculate CSFs for other PAHs. The TEFs 
are applied to the EPCs to determine the equivalentben.zo(a)pyrene concentration. 
The benzo(a)pyrene equivalent EPC is then multiplied by the CSF for benzo(a)py- 
rene to obtain an estimate of the cancer risk for these compounds. TEFs are used 
only in estimating the cancer risk of these compounds and are not used to 
estimate the noncancer risks. 

Dermal contact with PAHs will be assessed using appropriate oral CSFs and TEFs 
with a default absorption efficiency of 50 percent. Inhalation toxicity .values 
for carcinogenic PAHs will be based on a unit risk value of 0.88 (milligrams per 
cubic meter)-l for benzo(a)pyrene (USEPA, 1995b). 

TEFs for Chlorinated Dioxins and Furans. Carcinogenic assessments of chlorinated 
dioxin and furan congeners are also performed with TEF'methodology. The TEF 
values are based on the toxic equivalents of 2,3,7,8-tetrachlorodibenzodioxin. 
Table 2-8 presents the TEFs for dioxins and furans that may be present at NAS 
Whiting Field. 
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Table 2-7 
Toxicity Equivalency Factors for 

Carcinogenic Polynuclear Aromatic Hydrocarbons 

Remedial Investigation and Feasibility Study 
General information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Compound Toxicity Equivalency Factors 
I 

Benzo(a)pyrene 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Indeno(l,2,3c,d)pyrene 

Source: U.S. Environmental Protection Agency, 1995b. 

1.0 

0.1 

0.1 

0.01 

0.001 

1.0 

0.1 

Table 2-8 
Toxicity Equivalency Factors for 
Dioxins and Furan Compounds 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Compound 

Dioxins 

2,3,7,&Tetrachlorodibenzodioxin 

2,3,7,&Pentachlorodibenzodioxin 

2,3,7,8-Hexachlorodibenzodioxin 

2,3,7,8Heptachlorodibenzodioxin 

Octachlorodibenzodioxin 

Other chlorodibenzodioxins 

Furan Compounds 

2,3,7,8-Tetrachlorodibenzofuran 

1,2,3,7,8-Pentachlorodibenzofuran 

2 3 4 7 8-Pentachlorodibenzofuran t I , , 

2,3,7&Hexachlorodibenzofuran 

2,3,7,&Heptachlorodibenzofuran 

Octoachlorodibenzofuran 

Other chlorodibenzofurans 

Toxicity Equivalence Factors 

1.0 

0.5 

0.1 

0.01 

0.001 

0 

0.1 

0.5 

0.05 

0.1 

0.01 

0.001 

0 

Source: U.S. Environmental Protection Agency, 1995b. 

- 
/ I_ 
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Noncancer Toxicity Values. The reference dose (RfD) is an estimate of a daily 
human intake, including sensitive subpopulations, that is likely to be without 
appreciable risk of deleterious noncarcinogenic effects during a lifetime. Most 
RfDs are obtained from IRIS or HEAST. If these sources do not have an RfD value 
for a specific chemical, then the USEPA Region IV and FDEP risk assessors will 
be contacted to arrange for a provisional value. 

IRIS and HEAST provide RfD and reference concentration (RfC) values. The RfC 
will be used for inhalation risk quantifications, whenever possible, as the 
method more accurately describes the toxicity associated with the inhalation 
route of entry. The RfC is a medium-specific concentration that is unlikely to 
cause deleterious noncarcinogenic effects over a lifetime. 

As required by USEPA Region IV guidance (USEPA, 1995b), risks associated with 
dermal exposures are evaluated using RfDs that are specific to absorbed doses. 
Most oral RfDs are based on an administered dose rather than on an absorbed dose. 
It is, therefore, necessary to adjust those toxicity values based on administered 
doses before they can be used for evaluation of absorbed doses. For dermal 
exposures, the toxicity values are adjusted as follows: 

RfDadjusted = RfDora, x ~SEFForal (14) 

where: 

ABSEFF,,,, is the absorption efficiency in the study that is the basis of 
the oral toxicity value. 

If there is no information available on oral absorption efficiency, the 
conservative default values of 80 percent for volatiles, 50 percent for SVOCs, 
and 20 percent for inorganics are used (USEPA, 1995b). 

Separate sets of RfDs have been developed for several chemicals for evaluating 
chronic and subchronic exposures. When available, subchronic RfDs are used for 
evaluating exposures with a duration of less than 7 years but more than 2 weeks 
(such as for an excavation worker). Chronic RfDs are used when subchronic values 
are unavailable and when the exposure duration was greater than 7 years. One 
exception to this rule is the resident child. Although the default child 
exposure duration is 6 years, chronic RfDs are used with this scenario. There 
are no analogous reference values for evaluating acute exposures (i.e., those 
lasting less than 2 weeks). 

m. TPH typically represent gasoline and diesel fuel of varying hydrocarbon 
length chains. Per USEPA Region IV guidance when a determination of the chain- 
length fractions has been made, surrogate RfDs (presented in Table 2-9 should be 
used to characterize risk following the Massachusetts Guidance (USEPA, l995b). 
When an analysis of TPH was not performed to quantify the hydrocarbon chain- 
length fractions present, historical information will be used to estimate the 
fractions of TPH that are present. 

Assessment of Lead. If lead is a concern at the site, the Integrated Exposure 
Uptake Biokinetic (IEUBK) model will be used to assess exposures of children 7 
years of age and younger. The IEUBK model is most often used to assess exposure 
and toxicity of lead to young children. 
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Table 2-9 
Surrogate RfD Values for Petroleum Hydrocarbons 

Class 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Surrogate Toxic Effect 

Alkanes 

c5 - G3 N-hexane Neurotoxic 

cc3 - Cl, N-nonane Neurotoxic 

c,, - c,, Elcosane Hepatic Inflammation 

Aromatics 

G - c,* Pyrene Nephrotoxic 

Source: U.S. Environmental Protection Agency, 1995b. 

0.06 

0.6 

6.0 

0.03 

Notes: Updated RfDs will be used when available for surrogate compounds. 
RfD = reference dose. 
mg/kg-day = milligrams per kilogram per day. 
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The IUEBK model was developed by the Office of Air Quality Planning and Standards 
and New York University. The model estimates the age-specific blood lead levels 
associated with continuous exposure to lead sources. The model is based on site- 
specific or default values for lead levels in various media such as soil, 
groundwater, air, and diet. This information is then combined with expo.sure 
assumptions to estimate intake and absorption of lead into the blood. The 
exposure assumptions are based on amount of time indoors and sleeping, ingestion 
rates, breathing rates, and deposition and absorption efficiency in the 
respiratory tract. 

The primary exposure pathways assessed are inhalation of air lead, lead in the 
diet, lead in soils and dust, and lead in drinking water. The model will also 
allow estimates from ingestion of lead paint. 

The largest specific uptakes of lead are from dust, soil, and diet. The model 
further predicts that uptake from drinking water will have the next greatest 
impact on total lead uptake. Therefore, predictions of total uptake will be 
highly sensitive to site-specific soil and groundwater concentrations. 

The IEUBK model sums predicted uptakes over time to yield an estimate of blood 
lead levels associated with continuous uptake for each medium for a lifetime. 
This uptake can then be compared to the literature to determine if harmful health 
effects are a legitimate concern. The model can also predict the impact of 
environmental lead levels resulting from control efforts and regulations. 

2.5.5 Human Health Risk Characterization The final step of the risk assessment 
is the risk characterization. This step involves the integration of the exposure 
and toxicity assessment into quantitative expressions of potential human health 
risks associatedwithHHCPC exposure. Quantitative estimates of both carcinogen- 
ic and noncarcinogenic risks are made for each HHCPC and each complete exposure 
pathway identified in the exposure assessment. A clear distinction will be made 
between risks associated with current land-use scenarios and those risks 
associated with potential future exposure scenarios. 

Carcinogenic Risks. Carcinogenic risks associated with exposure to individual 
chemicals are estimated by multiplying the CT and UB chemical intake for each 
carcinogen by its CSF. This value represents an upper bound of the probability 
of an individual developing cancer over a lifetime as the result of exposure to 
a chemical. For each exposure pathway, the chemical-specific risks for all 
carcinogenic compounds are summed (CT and UB risks are assessed separately) to 
determine the pathway-specific lifetime cancer risk. The following equations are 
used to estimate the chemical- and pathway-specific cancer risks: 

Chemical-Specific Excess Lifetime Cancer Risk. 

Riski = CDT, x SFi (15) 

where: 

Risk, = unitless probability of an individual developing cancer as the 
result of exposure to a chemical i, 
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CDI, = chronic daily intake of chemical i averaged over 70 years 
(milligrams per kilogram per day [mg/kg-day]), and 

SF, = USEPA cancer slope factor for chemical i (mg/kg-day)-I. 
Pathway-Specific Incremental Lifetime Cancer Risk 

Risk, = XRiski (16) 

where: 

Risk, = unitless probability of an individual developing cancer as the 
result of multiple chemical exposures and 

Risk, = unitless cancer risk estimate for the ith chemical associated 
with an exposure pathway. 

The results from the carcinogenic risk assessment are compared with acceptable 
risk ranges established by the USEPA and the FDEP risk level of concern. The 
USEPA's guidelines, established in the National Oil and Hazardous Substances 
Pollution Contingency Plan (USEPA, 1990), identify acceptable exposure levels as 
those concentration levels "that represent an excess upper bound lifetime cancer 
risk to an individual of between 1o-4 and 10m6 using information on the 
relationship between dose and response" (USEPA, 1989b). 

- USEPA Region IV guidance (USEPA, 1995b) states that if a given medium has a 
cumulative cancer risk less than 10m4 and ARARs are not exceeded, remedial goal 
options (RGOs) would not generally need to be developed for that medium. 
However, the FDEP has stated that any chemical-specific risks greater than lo-" 
are worthy of further attention. Therefore, risks greater than 10s6 will be 
identified, and RGOs will generally be developed whenever risk exceeds low6 (see 
Subsection 2.5.6). 

Noncarcinogenic Risks. Noncarcinogenic risk estimates are calculatedby dividing 
specific chemical CT andUB intakes by the appropriate RfD. The result is called 
the HQ. The HQs for individual compounds within an exposure pathway are summed 
(CT and UB HIS are assessed separately) to obtain the HI for that particular 
pathway. 

Following are the equations used to determine the HQs and HIS: 

Hazard Quotient 

HQi = ~ 
I 

(17) 

where: 

HQi = 
Ii = 

RfD, = 

HQ of chemical i, 
intake of chemical i averaged over the exposure period (mg/- 
kg-day), and 
reference dose for chemical i corresponding to the same 
exposure duration as the intake (mg/kg-day). 
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Hazard Index 

HI = EHQ, (18) 

where: 
HI = potential for noncarcinogenic effects from multiple chemical 

exposures and 
HQi = HQ for ith chemical associated with an exposure pathway. 

An HI less than 1 indicates that noncarcinogenic toxic effects are not expected 
to occur due to HHCPC exposure. An HI greater than 1 indicates a greater 
possibility of noncarcinogenic toxic effects occurring, but the circumstances 
must be evaluated on a case-by-case basis. Generally, as the HI increases, so 
does the likelihood that adverse effects might be associated with exposure. 
However, the relationship between increased risk and larger HI values is not 
necessarily linear. 

USEPA Region IV guidance uses an HI of 1 as a remediation "trigger." Therefore, 
when the cumulative site HI exceeds 1, the HI is reevaluated and only those 
chemicals that affect the same target organ are combined. Then, if the target 
organ-specific HI is greater than 1, RGOs are calculated for chemicals whose 
contribution to the target organ-specific HI is greater than 0.1 or that exceed 

- an ARAR (see Subsection 2.5.6). 

2.5.5.1 Uncertainty Analysis Risk estimates are generally conservative values 
that result frommultiple layers of conservative assumptions inherent in the risk 
assessment process. Quantitative estimates of risk are based on numerous 
assumptions, most intended to be protective of human health (i.e., conservative). 
As such, risk estimates are not truly probabilistic estimates of risk, but rather 
conditional estimates given a series of conservative assumptions about exposure 
and toxicity. 

A thorough discussion of all potential sources of uncertainty in risk assessment 
is not feasible. In general, sources of uncertainty can be categorized into 
site-specific factors (e.g., variability in analytical data and exposure 
assessment) and toxicity and risk characterization assessment factors. Most 
toxicity- and risk characterization-specific uncertainties apply to all HHRAs 
equally in their impact on the calculated risk estimates. Common (not site- 
specific) sources of uncertainty and their potential effects on the magnitude of 
estimated risks are discussed here. Table 2-10 summarizes some of the sources 
of uncertainty that are common to all site-specific RI reports. Site-specific 
uncertainties will be discussed in the site-specific uncertainty section in the 
HHRA to provide perspective for the interpretation of the site-specific risk 
estimates. 

Data Collection, Analysis, and Evaluation. Some uncertainty is associated with 
the representativeness of the data collected to complete the risk evaluation at 
each site. Additional uncertainties associated with estimating exposure result 
from the variance in sampling and analytical techniques. There are three general 
uncertainties related to data collection, analysis, and evaluation: 
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Table 2-10 
General Sources of Uncertainty in the Human Health Risk Assessment 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Potential Source 

Exposure Assessment 

Direction of Effect Justification 

Likelihood of exposure pathways 

Exposure point concentrations 

Exposure assumptions (e.g., frequency 
and duration) 

Degradation of chemicals not consid- 
ered 

Modeled exposure point concentrations 

Toxicitv Assessment 

Overestimate Actual exposure may not occur. 

Overestimate Sampling data are assumed to be representative of the 
exposures. 

Overestimate Parameters selected are conservative estimates of expo- 
sure representing a reasonable maximum exposure. 

Overestimate Risk estimates are based on recent chemical concentra- 
tions. Concentrations tend to decrease over time as a 
result of degradation for many organics. 

Unknown, probably Models are based on numerous assumptions resulting in 
overestimate. conservative exposure point concentrations. 

Extrapolation of animal toxicity data to 
humans 

Unknown, probably Animals and humans differ with respect to absorption, 
overestimate. metabolism, distribution, and excretion of chemicals. 

The magnitude and direction of the difference varies with 
each chemical. Animal studies typically involve high- 
dose exposures, whereas humans are exposed to low 
doses. 

Use of linear, multistage model to derive Overestimate The model assumes a nonthreshold, linear at low dose 
cancer slope factors (CSFs) relationship for carcinogens. Many compounds induce 

cancer by nongenotoxic mechanisms. The model results 
in 95 percent upper confidence limits of cancer potency. 
Potency is unlikely to be higher and may be as low as 
zero. 

Lack of oral toxicity values for lead and 
total petroleum hydrocarbons (TPH) 

Underestimate Dose-response values for lead and TPH are not available 
for exposures to these contaminants in soil or groundwa- 
ter. Risk from exposure to lead in soil and groundwater 
is not quantitatively evaluated. 

Lack of inhalation toxicity values Underestimate Inhalation reference doses and CSFs will not be available 
for all human health chemicals of potential concern 
being evaluated for inhalation exposures (fugitive dust 
and volatiles while showering). Therefore, risks cannot 
be quantified and are underestimated. 

Risk Characterization 

Summation of risk among chemicals 
within exposure pathways 

Unknown Little is known about the toxicity of chemical mixtures. 
In the absence of evidence to the contrary, additivity of 
risk is assumed. 
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nature and distribution of contamination, 

adequate characterization of exposure areas, and 

. differences between site-specific inorganic concentrations and 
background inorganic concentrations. 

Nature and Distribution of Contamination. The nature and distribution of 
contamination are discussed for each site in the RF1 report. The extensive 
sampling and analytical program of an RF1 should adequately characterize the 
types of contaminants present, the physical location of those contaminants, and 
the concentrations that are present. There is inherent uncertainty in the 
assumption that the nature and distribution of contamination has been adequately 
characterized. 

Adequate Characterization of Exposure Areas. Contaminated areas, specifically 
soil, are sometimes small relative to the area in which a receptor would 
potentially be exposed. Nonrandom sampling may be conducted in areas of known 
or visible contamination. Because a receptor's exposure area may actually be 
larger than the area of contamination and a receptor's exposure would often be 
random, the nonrandom sampling may actually result in overestimation of 
exposures. 

Differences Between Site and Background Concentrations. Site-specific and 
background inorganic concentrations are compared as part of the selecti'on of 
HHCPCs (Subsection 2.5.2). Both organic contaminants and inorganic analytes are 
commonly detected in surface soil, subsurface soil, surface water, sediment, and 
groundwater background locations. Organics (e.g., pesticides) are sometimes 
detected in background samples, whichwould be expected in an industrialized area 
like NAS Whiting Field. The detection of organics inbackground samples does not 
necessarily indicate that the inorganic concentrations in those samples do not 
represent background reference concentrations. Phthalates are also commonly 
detected in background samples. Phthalates are common sampling and laboratory 
contaminants, but sometimes cannot be conclusively associated with laboratory or 
sampling contamination and, therefore, are retained in the background data set. 
In summary, the presence of organic contamination in a particular background 
location does not necessarily indicate that the inorganic concentrations in that 
sample are not representative of inorganic reference concentrations. The use of 
the background sample data as reference points for inorganics detected in surface 
soil, surface water, sediment, and surficial groundwater is generally considered 
appropriate based on carefully chosen sampling locations. 

Selection of Chemicals of Potential Concern. There are uncertainties in the 
process of selecting HHCPCs based on the use of RBCs and comparison to inorganic 
background screening concentrations. 

The RBCs for soil (i.e., residential soil) are used to screen detected analytes 
in sediment. This approach is conservative because the exposure assumptions for 
residential soil are more intense than exposure to sediment. The exposure 
assumptions used to derive the RBCs are likely to overestimate exposurses to 
sediment. This approach is appropriate for sediment risk-based screening to 
remove analytes that are not likely to contribute a significant amount of risk 
from the HHCPC list. 
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The USEPA Region III RBC table does not provide values for all chemicals in 
surface soil or groundwater. For those chemicals without an associated USEPA 
Region III RBC, an RBC for a chemical in the table that is similar in structure 
and physical properties to the detected contaminant may be used (for example, 
using the pyrene residential soil value as a surrogate for benzo(g,h,i)perylene, 
or di-n-octylphthalate for di-n-butylphthalate). Based on the similarities in 
toxicological properties between the compounds and their surrogates, it is 
reasonable to conclude that the USEPA Region III RBCs for the chemicals detected 
are adequately protective of health. Generally, the use of surrogates is an 
approach to help focus effort on those contaminants that are contributing a 
significant amount of risk (e.g., cancer risk of greater than 10Y6 and an HQ of 
greater than 0.1). In the cases where surrogates were not available or 
appropriate, the chemical will be retained as an HHCPC. 

Backpround Screening for Inorganics. For a given inorganic analyte, the maximum 
detected soil or groundwater concentration at a waste site is compared to a 
background screening concentration (two times the average of the medium-specific 
concentrations in the background locations, as described in Subsection 2.5.2). 
If the maximum detected concentration is less than the background screening 
concentration, the analyte is considered to be consistent with background 
concentrations. This approach is conservative in that it is likely to identify 
certain analytes as being inconsistent with background (including them as 
HHCPCs), even though the distribution of concentrations at the site is similar 
to that of the background data set. This can occur when the arithmetic mean of 

- inorganic concentrations at a background sampling location is less than the 
maximum detected value at the site being investigated. For example, a site- 
specific inorganic could be present at a concentration greater than the 
corresponding background screening concentration, resulting in the selection of 
the inorganic as an HHCPC, but still within the detected range of inorganic 
concentrations at the reference locations. This is the result of natural 
variability for inorganic concentrations in soil. Therefore, it is possible that 
an analyte could have a concentration distribution at a site that is similar to 
the distribution of concentrations for that analyte in the background data set, 
but also have a maximum detected concentration that is more than twice the 
arithmetic mean of the concentrations in the background data set. This is likely 
to overestimate risks. 

PAHS -* The selection of a carcinogenic PAH as an HHCPC in a particular medium 
requires that other carcinogenic PAHs detected in that medium be retained as 
HHCPCs, even if their maximum detected concentrations are less than the available 
screening values. This conservative approach is likely to overestimate risks. 

HHCPC Detected in Another Medium. If a chemical is identified as an HHCPC in a 
medium, then that chemical is retained in all other contributing media even if 
the EPCs in the other media are less than the available screening values. This 
conservative approach is likely to overestimate risks. 

Exposure Assessment. There are four major factors that contribute to uncertain- 
ties in the exposure assessment of most site specific RI reports: 

. land use, 

. use of the reasonable maximum exposure, 

. determination of the CT and UB EPC, and n . exposure parameters. 
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Land Use. Generally, exposure scenarios associated with future land use are 
difficult to predict. In an HHRA, residential land use is typically evaluated. 

-,- A residential land-use analysis normally includes an evaluation of the domestic 
use of groundwater (ingestion and inhalation of volatiles while showering) and 
residential use of soils, as well as residential use of nearby surface water or 
sediment (for recreation). The inclusion of a residential land-use scenario in 
an HHRA is often intended to represent only a worst-case scenario. Future 
residential land use at or near a historic waste site is normally possible, but 
not always probable. Therefore, risks associated with a future'residentialland- 
use scenario are probably overestimated. 

Reasonable Maximum Exposure. The upper bound exposure assessments conducted in 
a site-specific RI report can be characterized as RMEs. As such, the exposure 
estimates represent a mix of high-end and average exposure parameter values that 
result in an exposure estimate that is unlikely to be exceeded in an exposed 
population. Because some of these parameters are functions of the behavior 
patterns and personal habits of the exposed populations, no single value can be 
assumed to be representative of all possible exposure conditions. In addition, 
uncertainties associated with assigning single exposure parameters (e.g.,, body 
weight, surface area, and ingestion rates) to a heterogeneous population that 
includes both men andwomen and the young and the old are considered significant. 
However, the risk assessment incorporates assumptions or procedures that result 
in the estimate of an upper bound of risk. This type of exposure assessment 
tends to overestimate risks for the large majority of an exposed population. 

Central Tendency Exposure. The 50th percentile or average exposure parameters 

r 
used in the uncertainty assessment of CT risks are based on exposure parameters 

"? that are unlikely to be exceeded by an average member of the population. Again, 
_-.- these parameters are functions of individual habits, behavior, and location; 

therefore, no single value can be representative of all population member,s. In 
addition, CT parameters are not designed to be protective of extremely 
susceptible subpopulations. The CT risk assessment incorporates these parameters 
to complement the RME risk assessment and provide risk managers with a reasonable 
risk range; however, it is possible that the risk at some sites may be 
underestimated to a small percentage of the population. 

Upper Bound EPC. The analyte-specific UB EPC used in the HHRA is the 95 percent 
UCL on the arithmetic mean concentration or the maximum reported concentration 
at the site, whichever is lower. In many cases, a relatively small number of 
samples are available, and the 95 percent UCL is actually higher than the maximum 
detected concentration of a contaminant. In such cases, the maximum detected 
concentration has been used to represent the exposure concentrations. This is 
likely to overestimate risk. 

Exposure Parameters. The selection and use of exposure parameters contribute to 
the uncertainty inherent in a risk estimate. The exposure parameters that impact 
most risk assessments are described below. 

. m. The derivation of the PEF used to evaluate exposure to 
particulates resulting from soil suspension by wind is described in 
Appendix D. The PEF that is used to calculate the concentration of 
soil particles that a receptor may inhale is the same for multiple 
receptors (for example, the resident and excavation worker). However, 
it is likely that more soil particles would be suspended in air (during 
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soil excavation activities and, therefore, an excavation worker would 
be exposed to greater concentrations of HHCPCs associated with airborne 
soil particles than a resident. Risk associated with inhalation 
exposures for the excavation worker may be underestimated in the HHRA. 
It is likely, however, that use of a PEF representing greater particu- 
late concentrations would only result in additional risks of less than 
an order of magnitude. If risk estimates for the excavation worker are 
orders of magnitude below USEPA threshold ranges, an excavationworker- 
specific PEF is not necessary. 

Dermal Exposures to Groundwater. Ingestion of drinking water is 
normally the exposure pathway that produces the greatest risk associat- 
ed with contaminated groundwater. The approach to the calculation of 
air concentrations of VOCs during showering is described in Appendix D. 
Dermal exposure to groundwater while showering is not evaluated in the 
HHRA. This may result in an underestimation of risk, particularly to 
SVOCs in groundwater. For VOCs, the analytes will tend to migrate to 
air prior to and during contact. This lessens the potential for dermal 
absorption. 

Dermal Exposure to Surface Water. The approach for calculating dermal 
exposures to surface soil, surface water, and sediment at a specific 
site is described in Appendix D. In calculating dermal exposures to 
surface water, permeability constants (%) are used to estimate the 
movement of a chemical across the skin surface. Although some G 
values are empirically based, most are estimated based on characteris- 
tics such as octanol-water partition coefficients (K,,) and molecular 
weights. There are uncertainties inherent in these calculations. In 
general, this is likely to overestimate risk. 

Toxicity Assessment. Toxicity information for many chemicals is very limited, 
leading to varying degrees of uncertainty associated with calculated toxicity 
values obtained in IRIS or HEAST. General sources of uncertainty for calculating 
toxicity factors include extrapolation from animal to human populations, low to 
high dose extrapolation, short-term to long-term exposures, interspecies 
sensitivity variation, extrapolation from subchronic to chronic NOAEL, 
extrapolation from lowest observed adverse effect level to NOAEL, amount of data 
supporting the toxicity factors (i.e., inadequate studies), consistency of 
different studies for the same chemical, and responses of various species to 
equivalent doses. 

The identification of human carcinogens and noncarcinogens, based on animal data, 
is a primary source of uncertainty in the use of toxicity values. It is not 
certain that the identification of carcinogenic activity as a result of an animal 
species' exposure to a substance means that carcinogenic activity in humans will 
occur after exposure to that substance. In some cases, the metabolic processes 
involved in carcinogenic activity in a particular organ in animals may not exist 
in humans. This would tend to overestimate the risk. 

The extrapolation of short-term to long-term exposures is also a component in 
some cases for the carcinogen dose-response values. The use of toxicity measures 
(e.g., RfDs and CSFs) introduces additional uncertainties. These parameters are 
generally based on animal studies, many of which are performed at high doses 
relative to the site-specific exposures that could occur. These data require 

,6---Y 

ra 
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interpretation and/or extrapolation in the low-dose area of the dose-response 
curve. The CSFs used in the risk assessment generally represent a high-end 
estimate. The CSFs are the 95 percent UCL on the actual slope derived fro:m the 
scientific data and, therefore, are probably overestimates of the potency. 

2.5.5.2 Risk Characterization A mixture of analytes is present in each m'edium 
evaluated at NAS Whiting Field. USEPA's Guidelines for the Health Risk 
Assessment of Chemical Mixtures (USEPA, 1986) state that if sufficient data are 
not available on the effects of the chemical mixture of concern, or a reaso,nably 
similar mixture, additivity of effects for constituents of the mixture should be 
assumed. This assumption, according to USEPA, is expected to yield generally 
neutral risk estimates (i.e., neither conservative nor lenient). More recent 
guidance from USEPA (1992b) refers to the Guidelines for the Health Risk 
Assessment of Chemical Mixtures, but further states that the assumption of 
additivity assumes independence of action and that if this assumption is 
incorrect, overestimation or underestimation of the actual multiple substance 
risk may occur. In calculating HI values, additivity is assumed, but in some 
cases, the analytes in a mixture have significantly different toxic mechanisms 
of action and impact different organs. In these cases, the overall HI likely 
overestimates noncancer risks. 

2.5.6 RGOs The RGOs for the chemicals and media of concern will be outlined. 
This section will include both ARARs and health-based cleanup goals. The 
information provided in this section is intended to provide decision-makers with 
options on which to develop remedial aspects of the FS. 

The RGO section will include tabulated media cleanup levels for each chemical of 
concern (COC) in each land-use scenario evaluated in the baseline risk 
assessment, COCs are defined by USEPA Region IV as "chemicals which contribute 
to a pathway that exceeds a 10m4 risk (or whatever remediation level is 
established as a trigger by the risk manager) or an HI of 1 or greater or exceed 
a State or Federal chemical-specific ARAR." Chemicals need not be included if 
their individual carcinogenic risk contribution to the pathway is less than 10M6 
or their noncarcinogenic HQ is less than 0.1. According to FDEP communications, 
a COC is any chemical with an HQ greater than 1 or a cancer risk greater than 
10m6 or that exceeds a Florida standard. Media cleanup levels are risk-specific 
andmedium- and exposure scenario-specific analyte concentrations that are based 
on the site-specific exposure parameters (combined ingestion, dermal, and 
inhalation exposures) and the toxicity information used in the baseline risk 
assessment. 

Media cleanup level tables will be generated to address the USEPA guidance and 
the FDEP guidance. Each table will address only the COCs as defined by that 
specific guidance, Each table will identify, as appropriate, concentrations 
associated with cancer risk of 10m4, 10e5, and 10e6 and concentrations associated 
with HQs of 0.1, 1, and 3 for each combination of medium, land use, and receptor 
type (for example, groundwater future use as residential drinking water) that 
have COCs associated with them as well as State and Federal chemical-specific 
ARARS . 

RGOs based on surface and subsurface soil values for the protection of 
groundwater will also be included. 

WHT-RIFS.GIR 
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3.0 NAS WHITING FIELD FACILITYWIDE BACKGROUND EVALUATION 

The purpose of the background characterization is to assess existing conditions 
at NAS Whiting Field, including ambient concentrations of various chemicals in 
the environment. The characterization included determining the identity of a 
constituent and its concentration as either naturally occurring or resulting from 
manmade sources unrelated to waste disposal activities. These data are used to 
assess whether similar constituents found at individual sites are related to 
natural conditions or the deposition of hazardous substances. The background 
characterization included collection of surface and subsurface soil, surface 
water, sediment, and groundwater samples. Information to assess the spatial 
variability of geologic and hydrogeologic conditions at NAS Whiting Field was 
also collected. The following presents spatial variations on subsurface geologic 
and hydrologic conditions and the results of the chemical analyses of the 
background samples. 

3.1 GEOLOGY. The geologic assessment of NAS Whiting Field was conducted in 
several investigations, including the verification study, the UST program, and 
the RI phases I, IIA, and IIB. The most recent soil boring program, Phase IIA, 
was conducted from December 1992 to January 1993. A total of 57 subsurface soil 
borings was completed at Sites 2, 3, 6, 17, 18, 29, 30, 32, and 33. These sites 
are located within the Industrial Area and the northwest area of the facility. 
Table 3-1 summarizes the number of soil borings completed at each site along with 
their total depths and completion date, 

Because this investigation is ongoing, additional soil borings either have been 
or are being completed during the publication of this report. Therefore, 
information concerning these soil borings is not included. All of the soil 
borings relevant to a specific site will be included in the individual RI site 
reports. 

The soil boring investigation utilized the HSA drilling technique. The augers 
were typically advanced in S-foot intervals at which depths a standard 
penetration test (SPT) was conducted and a 2-foot split-spoon sample was 
collected for visual inspection by an ABB-ES geologist. All data were entered 
into a bound logbook. Detailed soil descriptions, SPT results, and other 
pertinent data are presented in the boring logs for the soil boring investigation 
located in Appendix B of Technical Memorandum No. 2, Geologic Assessment (ABB-ES, 
1995a). The Phase IIB investigation also included the installation of monitoring 
wells and piezocone penetrometers in conjunction with the hydrogeologic and 
groundwater investigations. Seventy-six monitoring wells and seven piezocone 
penetrometers were installed. Lithologic data were collected during the 
installationof the monitoring wells andpiezocone penetrometers and are included 
in this report. Phase IIB monitoring well and piezocone penetrometer installa- 
tions are included in Appendix C and D, respectively, of Technical MemorandumNo. 
2, Geologic Assessment (ABB-ES 1995a). 

In addition to the data generated during the Phase IIA RI, data collected during 
the Phase I RI (ABB-ES, 1992a), the verification study (Geraghty &Miller, 1986), 
and the ABB-ES UST program were also reviewed to augment the data from the 

f-i current investigation. However, the lithologic descriptions presented in the 
I verification study (Geraghty & Miller, 1986) were significantly different than 

WHT-RIFS.GIR 
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Table 3-i 
Summary of Phase IIA Soil Borings 

Remedial investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Boring Completion 
Designation 

Total Boring Depth 
Date 

Boring 
(feet bls) 

Completion 
Designation 

Total Boring Depth 
Date (feet bls) 

M Site 29 

WHF-Z-SB-1 7-30-93 70 WHF-29-SB-1 01-08-93 137 

WHF-29-SB-2 01-06-93 14 
w WHF-29-SB-3 01-06-93 12 

WHF-8SB-1 01-20-93 27 WHF-29-SB-4 01-06-93 17 

WHF-3-S&2 01-09-93 12 WHF-29-SB-5 01-06-93 17 
WHF-3-SE-3 01-10-93 12 

WHF-3-SB-4 01-10-93 12 Site 30 

WHF3-SB-5 01-o&93 I2 WHF-30-SB-1 12-08-92 122 

WHF-3-S&6 01-08-93 102 WHF-30-SB-2 01-04-93 22 

WHF-3-SB-7 01-27-93 22 WHF-30-SB-3 01-04-93 17 

WHF-3-SB8 01-08-93 I2 WHF-30-SB-4 01-05-93 27 

WHF-3-SB-Q 01-08-93 32 WHF-30-SB-5 01-05-93 17 

WHF-3-SB-IO 01-08-93 17 WHF-30-SB-6 01-05-93 17 

WHF-30-SB-7 01-05-93 12 
w 

WHF-6-SB-I 12-04-92 22 Site 32 

WHF-6-SB-2 12-04-92 22 WHF-32-SB-1 01-09-93 52 

WHF-6-SB-3 12-05-92 119 WHF-32-SB-2 01-09-93 I4 

WHF-6-SB-4 12-04-92 22 WHF-32-SB3 01-09-93 22 

WHF-32-SB-4 01-10-93 47 

Site 17 WHF-32-SB-5 01-19-93 110 

WHF-17-SB-1 01-19-93 17 WHF-32-SB-6 01-l I-93 47 

WHF-17-SB-2 01-19-93 12 WHF-32-SB-7 01-20-93 32 

WHF-17-SB3 01 m-93 12 WHF-32-SB-8 01-21-93 15 

WHF-17-SB-4 01-19-93 I2 

WHF-17-SB-5 01-07-93 22 Site 33 

WHF-17-SB-6 01-07-93 17 WHF-33SB-1 12-03-92 27 

WHF-17-98-7 01-18-93 17 WHF-33-SB-2 12-03-92 122 

WHF-17-SB8 01-18-93 I2 WHF-33-SB-3 12-O l-92 2.2 

WHF-17-SB-9 01-06-93 12 WHF-33-SB-4 12-02-92 24 

WHF-33-S&5 12-06-92 22 
Site 18 

WHF-18-SB-I 01-05-93 IO 

WHF-18-38-2 01-05-93 22 

WHF-18-SB-4 01-05-93 42 

WHF-I&SB-6 0 l-04-93 25 

WHF-1%SB-7 01-05-93 15 

WHF-18-SB-8 01-04-93 25 

WHF-18-58-g 01-05-93 15 

WHF-18-SB-IO 01-04-93 15 

Notes: Soil boring designations WHF-18-SB-3 and WHF-18-SB-5 were not used because proposed borings were not 
drilled. 

bls = below land surface. 
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descriptions of adjacent borings drilled during more recent studies. The lack 
of detail in the boring logs made correlation with more recent borings difficult. 
Because the accuracy of the older descriptions could not be verified against 
archived samples, as is the case with Phase IIA RI samples, the data were not 
included in the cross sections. The installation dates and total boring depths 
for Phase IIA wells are summarized in Table 3-2. Details for monitoring wells 
installed during the Phase I RI and the verification study are summarized in 
Table 3-3. Lithologic data were also recorded during monitoring well installa- 
tion. Split-spoon samples were generally collected at 5-foot intervals during 
drilling of the monitoring wells. However, it was common to skip sampling 
intervals when lithologic data were available from proximal soil borings and/or 
monitoring wells. 

Installation Litholozy. The type and stratification of the soil encountered at 
the installation are consistent with the descriptions of the Citronelle 
Formation. The presence of numerous clay layers and rapid facies changes also 
suggest a very low to moderately energetic depositional environment as described 
in Subsection 1.4.5. A plan view map for the installation is provided on Figure 
3-l. Figures 3-2, 3-3, and 3-4 present geologic cross sections for the facility 
as a whole. 

The subsurface soil at the NAS Whiting Field consists of sand, silt, clay, and 
a variety of mixtures of the three soil matrices (as defined by the USCS). A 
generalized stratigraphic column for the deposits from the installation would 
include 0 to 30 feet of interbedded sand, silt, and clay overlying massive sand 
units containing clay and silt lenses. The two strata are best differentiated 
by the distribution and percentage of silt and clay present in the soil matrix. 
The percentage of silt and clay in the interbedded sand, silt, and clay layer is 
generally an order of magnitude greater than the sand layer it overlays 
(determined by visual inspection of split-spoon samples). Field estimates of the 
silt and clay content of this strata typically ranged from 35 to 50 percent. The 
silt and clay portion of the soil matrix was more evenly distributed throughout 
the shallower strata. Subsequently, the shallow soil layers were most commonly 
classified as silty or clayey sand. 

The soil underlying the shallow strata consisted of low chroma (white and other 
light colors) fine- to medium-grained sand. The sand was commonly described as 
poorly graded containing a much lower percentage of silt and clay. The silt and 
clay present in the soil was dispersed along thin lenses of silty sand, clayey 
sand, clay, or other grain-size mixtures. 

Gravel layers are present in the subsurface; however, their occurrence is much 
less frequent and very localized. The locations of these gravel lenses most 
likely coincide with the highest energy paleo-depositional environments such as 
a swift stream or river channel. Sand deposits are indicative of slower moving 
streams and rivers, whereas the silts and clays suggest the low energy 
environments of shallow pools, ponds, and floodplains. 

A variety of clay layers was detected throughout the installation. However, no 
single clay layer within the Pleistocene deposits is believed to underlay the 
entire installation. Significant clay layers were detected at11 of the RI sites 
(Sites 3, 5, 6, 9, 10, 11, 13, 14, 15, 16, and 17). Clay layers were considered 
to be significant based on their thickness and/or area1 size. A laterally 
extensive clay layer was one that could be mapped throughout an individual site 
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Table 3-2 
Summary of Phase IIA Monitoring Well Installations 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting. Field 
Milton, Florida 

Monitoring Well 
Designation 

Completion Date 
Total Depth Surface Casing 
(feet BTOC) (feet bls) 

WHF-EKG-1 05-09-93 121.6 0 

WHF-BKG-2 04-27-93 109.22 0 

WHF-EKG-3 04-26-93 80.5 0 

w 
WHF-1-l S 06-28-93 75.4 0 

WHF-1-2 02-21-93 78.8 0 

WHF-1-3 06-29-93 87.48 0 

w 
WHF-2-1 07-17-93 87.42 0 

M 

WHF-3- 10 

WHF-3-1s 

WHF-3-2D 

WHF-3-2s 

WHF-3-3D 

WHF-3-3s 

WHF-3-4 

WHF-3-70 

WHF-3-71 

WHF-3-7s 

06-l l-93 180.29 104 

06-l 2-93 123.22 105 

05-l o-93 176.17 0 

05-08-93 114.12 0 

05-12-93 180.57 112.5 

05-06-93 110.8 0 

07-31-93 121.45 103 

05-25-93 180.54 109 

05-26-93 139.92 109 

06-03-93 123.8 109 

Site 5 

WHF-5-80 

WHF-5-8s 

WHF-5-90 

WHF-5-9s 

WHF-5-100 

WHF-5-l OS 

04-24-93 174.18 0 

03-23-93 128.15 0 

04-22-93 180.47 107 

04-25-93 128.74 108 

03-07-93 183.32 117 

04-24-93 144.71 119 

Site 

WHF-6-1 D 05-19-93 180.47 112 

WHF-6-IS 05-20-93 134.33 112 

WHF-6-3 05-09-93 123.45 0 

See notes at end of table. 
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Table 3-2 (Continued) 
Summary of Phase IIA Monitoring Well Installations 

Remedial Investigation and Feasibility Study 
General Information RePOH 

Naval fir Station Whiting Field 
Milton, Florida 

Monitoring Well Total Depth Surface Casing 

Designation 
Completion Date (feet BTOC) (feet bls) 

m 
JVHF-9-3 02-25-93 108.24 77 

site 10 
NHF-10-2 03-23-93 113.14 85 

Pite 11 
NHF-1 l-1 S 07-21-93 54.4 0 
NHF-11-3 03-09-93 73.16 46 

Site 13 
uVHF-13-15 07-20-93 61.3 0 
WHF-13-2 03-18-93 72.41 42 

Site 14 
WHF-14-2 03-22-93 118.3 94 

Site IS 
WHF-15-21 02-04-93 63.2 0 
WHF-15-2s 02-04-93 32.9 0 
WHF-15-20 07-l 8-93 112.44 0 
WHF-15-30 01-26-93 119.48 0 
WHF-15-31 02-02-93 87.83 0 
WHF-15-3s 02-01-93 37.94 0 
WHF-15-4 04-28-93 109.15 0 
WHF-15-5 02-08-93 68.18 0 
WHF-156D 02-08-93 123.36 0 
WHF-15-6s 02-08-93 43.73 0 

Site 16 
WHF-16-21 02-i 8-93 130.14 0 
WHF-16-2s 02-21-93 49.8 0 
WHF-16-3D 01-24-93 118.08 0 
WHF-16-31 01-26-93 52.87 0 
WHF-16-311 01-25-93 78.91 0 
WHF-16-3s 01-22-93 23.25 0 
WHF-16-4D 02-l 8-93 122.54 65 
WHF-16-411 02-05-93 64.8 0 
WHF-16-4s 02-04-93 22.38 0 
WHF-16-5 07-27-93 10 0 - 
See notes at end of table. 
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Table 3-2 (Continued) 
Summary of Phase IIA Monitoring Well Installations 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Monitoring Well 
Designation 

Completion Date 
Total Depth Surface Casing 
(feet BTOC) (feet bls) 

Site 17 

WHF-17-1s 07-27-93 

WHF-17-2 03-07-93 

WHF-17-3 07-16-93 

Site 18 

WHF-18-2 02-22-93 

WHF-18-3 06-27-93 

Site 29 

WHF-29-1 06-08-93 

WHF-29-2 06-13-93 

WHF-29-3 06-l 1-93 

WHF-29-4 06-10-93 

WHF-29-5 06-09-93 

Site 30 

WHF-30-3 06-16-93 

WHF-30-4 06-26-93 

WHF-30-5 06-25-93 

Site 32 

WHF-32-l 01-22-93 

WHF-32-2 06-28-93 

WHF-32-3 06-26-93 

WHF-32-4 06-29-93 

WHF32-5 05-24-93 

Site 33 

WHF-33-l 06-I 5-93 

WHF-33-2 06-25-93 

WHF-33-3 06-25-93 

WHF-33-4 06-16-93 

WHF-33-5 05-21-93 

Notes: BTOC = below top of casing. 
bls = below land surface. 

115.5 36.5 

121.9 43 

126.5 0 

107.86 0 

112.9 0 

139.48 0 

136.9 0 

139.64 0 

139.1 0 

132.14 0 

134.6 0 

135.44 0 

157.53 0 

110.04 0 

110.54 0 

110.02 0 

110.25 0 

109.61 0 

127.44 0 

128.4 0 

128.44 0 

127.94 0 

125.9 0 
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Table 3-3 
Summary of Phase I RI, Verification Study, and UST 

Program Monitoring Well Installations 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Monitoring Well 
Number 

Completion Date 
Total Depth 
(feet BTOC) 

Phase I RI 

Surface Casing 
(feet bls) 

WHF-3-3 

WHF-9-2 

WHF-11-2 

WHF-16-2 

WHF-5-OW-1 

WHF-5-OW-2 

WHF-l-l 

WHF-3-1 

WHF-3-2 

WHF-4-1 

WHF-7-1 

WHFS-1 

WHF-9-1 

WHF-10-l 

WHF-1 l-l 

WHF-12-l 

WHF-13-l 

WHF-14-l 

WHF-15-1 

WHF-16-1 

WHF-17-1 

WHF-18-l 

01-07-91 151 118 

12-13-90 120 85 

12-01-90 125 80 

12-15-90 70 0 

03-04-91 175 126 

01-31-91 123 126 

Verification Study 

* 122.5 0 

* 152.5 0 

* 152.5 0 

* 152.5 0 

* 142.5 0 

* 180.0 0 

* 117.5 0 

* 117.5 0 

* 127.5 0 

l 112.5 0 

* 112.5 0 

* 152.5 0 

* 72.5 0 

* 42.5 0 

* 152.5 0 

* 122.5 0 

UST Program 

Site 1466 (Site 7) 

WHF-1466-1 l-26-92 135 0 

WHF-14661D 5-l 2-92 163 138 

WHF-1466-2 3-14-92 120 0 

WHF-1466-2D 5-l o-92 144 132 

WHF-1466-3 3-l 5-92 145 0 

See notes at end of table. 
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Table 3-3 (Continued) 
Summary of Phase I RI, Verification Study, and UST 

Program Monitoring Well Installations 

Remedial investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton. Florida 

Monitoring Well 
Completion Date 

Total Depth 
Number (feet BTOC) 

UST Program (Continued) 

Site 1466 (Site 7) (Continued) 

WHF-1466-30 5-l l-92 149 

WHF-1466-4 3-16-92 151 

WHF-1466-5R 6-04-92 132 

WHF-1466-6 3-25-92 131 

WHF-1466-7 3-26-92 131 

WHF-1466-8 3-27-92 131 

WHF-1466-9 3-27-92 116 

WHF-1466-10 3-28-92 122 

WHF-1466-11 3-29-92 104 

WHF-1466-12 3-30-92 147 

WHF-1466-13 5-2 l-92 130 

WHF-1466-14 5-22-92 135 

WHF-1466-15 5-22-92 135 

WHF-1466-16 5-23-92 135 

WHF-1466-17 5-24-92 134 

WHF-1466-18 5-25-92 135 

WHF-1466-19 5-26-92 145 

WHF-1466-20 5-26-92 140 

Site 1467 (Site 4) 

WHF-1467-l l-07-92 97 

WHF-1467-2 l-08-92 85 

WHF-1467-3 l-08-92 95 

WHF-1467-4 l-09-92 103 

WHF-1467-5 l-10-92 100 

WHF-1467-5D 4-08-92 140 

WHF-1467-6 l-10-92 103 

WHF-1467-6D 5-24-92 102 

WHF-1467-7 1-11-92 85 

WHF-1467-70 5-23-92 129 

See notes at end of table. 

Surface Casing 
(feet blsj 

126 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

88 

0 

96 
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Table 3-3 (Continued) 
Summary of Phase I RI, Verification Study, and UST 

Program Monitoring Well installations 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida - 

Monitoring Well Surface Casing 

Number 
Completion Date 

Total Depth 
(feet BTOC) (feet bls) 

I 
I IJST Program (Continued) I 

WHF-1467-8 l-l 1-92 107 0 
WHF-1467-8D 5-22-92 127 106 

WHF-14679 1-12-92 100 0 

WHF-1467-10 l-25-92 82 0 

WHF-1467-11 l-25-92 90 0 
WHF-1467-12 l-27-92 83 0 
WHF-1467.13R 5-20-92 90 0 
WHF-1467-14 3-l 1-92 110 0 
WHF-1467-15 3-1 l-92 109 0 
WHF-1467-16 3-l 2-92 115 0 
WHF-1467-17 3-13-92 106 0 
WHF-1467-18 3-13-92 115 0 
WHF-1467-19 3-14-92 105 0 
WHF-1467-20 4-10-92 110 0 
WHF-1467-21 4-21-92 111 0 
WHF-1467-22R 4-22-92 103 0 
WHF-1467-23 4-22-92 101 0 
WHF-1467-24 4-23-92 100 0 
WHF-1467-25 4-24-92 91 0 
WHF-1467-26 4-25-92 90 0 
WHF-1467-27 4-26-92 116 0 
WHF-1467-28 4-27-92 106 0 
WHF-1467-29 4-28-92 100 0 
WHF-146730 4-29-92 103 0 
WHF-1467-31 5-09-92 125 0 
WHF-1467-32 5-1 l-92 100 0 

WHF-1467-33 5-12-92 84 0 

Notes: BTOC = below top of casing. 
bls = below land surface. 
RI = Remedial Investigation. 
* = completion date was not provided in the Verification Study. 
UST = underaround storage tank. 
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or between multiple sites. A clay layer greater than 3'feet thick was also 
considered to be significant. The area1 extent of clay layers less than 3 feet K---z 
thick was typically limited. In most cases, the layer could not be traced 
between borings at the same site. 

Although a single continuous clay layer is not believed to be present at the 
installation, extensive clay layers were reported. Clay (between 10 and 40 feet 
thick) was commonly encountered inborings located in the Southeast and Southwest 
Perimeter Road Disposal Areas, as well as in many deep borings located in the 
Industrial Area. 

3.2 HYDROGEOLOGY. The objectives of the hydrogeologic investigations conducted 
for the RI at NAS Whiting Field were as follows: (1) estimate the hydraulic 
gradient and hydraulic conductivities of the shallow surficial aquifer, (2) 
characterize the potentiometric surface of the shallow surficialaquifer, and (3) 
compute the linear pore velocity of groundwater flow in the shallow surficial 
aquifer. Data were averaged across the installation and range in values are 
discussed to depict the hydrogeologic conditions for the entire installation. 
The following subsections on monitoring wells, groundwater flow direction, 
horizonal and vertical flow gradients, hydraulic conductivity, and seepage 
velocity, discuss these three objectives. 

3.2.1 Monitorinn Wells Monitoring wells were installed during several field 
events including the verification study, UST investigations and the RI phase IIA 
and IIB investigations. Also, because the investigation is ongoing, additional 
monitoring wells either have been or are being installed during the publication 
of this document; therefore, information concerning them is not included. All 

N--N 

monitoring wells for specific sites will be referenced in the individual RI 
report completed for each site. 

The monitoring wells were installed during RI and previous investigations 
activities (see Section 1.5) under the direction of an ABB-ES geologist or 
previously by others. Boring logs with inclusive well construction diagrams for 
the monitoring wells are presented in Technical Memorandum No. 2, Geologic 
Assessment (ABB-ES, 1995a). Lithologic Logs for monitoring wells installed 
during the current investigation will be provided in future site-specific 
reports. The locations of the monitoring wells are shown on Figure 3-5. 

3.2.2 Hydraulic Conductivity Hydraulic conductivity tests consisted of in situ 
slug tests on monitoring wells and a single pumping test on one of the Installa- 
tion production wells. 

The slug tests consisted of both rising- and falling-head tests and have been 
conducted on selected monitoring wells at NAS Whiting Field. Two to three slug 
tests were conducted at each location to provide a statistical average of the 
estimated radial hydraulic conductivity (K) of the aquifer in the vicinity of a 
piezometer or monitoring well screened interval. A summary of the slug test data 
is presented in Table 3-4. Individual records of the slug test calculations are 
provided in Technical Memorandum No. 4 Hydrogeologic Investigation (ABB-ES, 
1995c). 

The pumping test was conducted on the south production well and was completed 
over a 6-day period, Groundwater levels in four monitoring wells or piezometers 
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Table 3-4 
Summary of Hydraulic Conductivity (K) Data from Slug Tests 

- 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

- 

Well Number 
Range of K Number of Usable Average K Average K Average K 

WW Runs (ft/min) Way) (cm/set) 
- 

~HALLOWANTERMEDIATE MONITORING WELLS 

WHF-BKG-2 R R __ __ 

‘ite 1, Northwest Disposal Area 

WHF-1-1s 18.09 to 20.33 3 0.0135 19.47 6.87~109 

‘ite 2, Northwest Open Disposal Area 

WHF-2-1 16.79 to 20.35 3 0.0133 19.14 6.75~10’~ 

ite 17. Crash Crew Training Area 

WHF-17-2 3.67 to 4.50 2 0.0028 4.01 1.42x10-3 

ite 18, Crash Crew Trainino Area 

WHF-18-2 R R R R R 

Geometric Mean 11.43 4.03x10-3 

outhwest Perimeter Road Sites 

ite 15, Southwest Landfill 

WHF-15-2s 6.66 to 6.86 3 0.0047 6.75 2.38x1 O-3 

WHF-15-21 25.99 to 28.87 4 0.0194 27.91 9.85x1 V3 

WHF-15-3s 8.88 to 8.95 2 0.0062 8.93 3.15x193 

WHF-15-31 20.29 to 23.44 4 0.0153 22.08 7.79x193 

WHF-15-6s 3.50 to 3.80 3 0.0026 3.67 1.29x1o-3 

ite 16, Open Disposal and Burning Area 

WHF-16-2s 27.20 to 30.96 4 0.0200 28.82 1 .o2x1o’2 

WHF-16-21 9.19 to 10.39 4 0.0068 9.73 3.43x1 0.3 

WHF-16-3s 3.99 to 4.56 3 0.0030 4.29 1.52x1o‘2 

WHF-16-31 4.92 to 5.28 5 0.0035 5.07 1.79x10-3 

WHF-16-311 43.98 to 49.10 3 0.0323 46.49 1.64x1 6’ 

Geometric Mean 11.45 4.04x10-3 

outheast Perimeter Road Sites 

ite 10, Southeast Open Disposal Area (A) 

WHF-IO-2 R R R R R 

ite 11, Southeast Open Disposal Area (B) 

WHF-1 l-2 R R R R R 

WHF-1 l-3 4.41 to 5.23 3 0.0033 4.73 1.67x1U3 

ite 13. Sanitary Landfill 

WHF-13-2s 13.23 to 15.51 6 0.0101 14.55 5.13x10-3 

ite 14, Short-Term Sanitary Landfill 

WHF-14-2 8.53 to 8.57 2 0.0059 8.55 3.o2x1o-3 

Geometric Mean 8.38 2.96x10.’ 
- 

ee notes at end of table. 

WHT-RIFSGIR 
Ph4W.Ol.98 3-16 



Table 3-4 (Continued) 
Summary of Hydraulic Conductivity (K) Data from Slug Tests 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Well Range of K Number of Usable Average K Average K Average K 

Number (Way) Runs (ft/min) (Way) (cm/set) 

SHALLOW/INTERMEDIATE MONITORING WELLS (Continued) 

Industrial Area 

Site 3, Underground Waste Solvent Storage Area 
WHF-3-3s 0.86 to 0.93 3 0.0006 0.89 3.15x1o-4 
WHF-3-7s 2.98 to 3.23 3 0.0022 3.10 l.llx10’3 

Site 6, Battery Acid Seepage Pit 
WHF-5-8s 4.72 to 5.81 2 0.0037 5.26 1 .86x1o-3 
WHF-5-l OS 27.98 to 35.17 3 0.0216 31.16 1.1ox1o-2 

Site 6, South Transformer Oil Disposal Area 
WHFd-1 S 0.34 to 0.38 3 0.0003 0.35 1.24~10‘~ 

Site 29, Auto Hobby Shop 

WHF-29-1 R R __ -- 

WHF-29-5 10.55 to 10.56 2 0.0073 10.56 3.73x1C3 

Site 30, Southfield Maintenance Hangar Area 
WH F-30-3 0.58 to 0.67 2 0.0004 0.63 2.24~10’~ 
WHF-30-5 19.22 to 19.64 2 0.0135 19.44 6.86x1o-3 

Site 32, Northfield Maintenance Hangar Area 
WHF-32-5 7.43 to 7.76 3 0.0053 7.60 2.68x1g3 

Site 33, Midfield Maintenance Hanoar Area 
WHF-33-3 5.61 to 6.63 3 0.0043 6.19 2.18~10’~ 
WHF-33-5 14.12 to 14.50 3 0.0099 14.28 5.o1x1o-3 

Geometric Mean 4.47 1.58~10.~ 

DEEP MONITORING WELLS 

Southwest Perimeter Road Sites 

Site 15, Southwest Landfill 
WHF-15-2D 0.70 to 0.77 3 0.0005 0.73 2.59x1o-4 
WHF-15-3D 5.59 to 5.75 3 0.0039 5.66 2.oox1g3 

Site 16, Open Disposal and Burning Area 
WHF-16-3D 0.27 to 0.30 3 0.0002 0.28 9.o1x1o-5 

Geometric Mean 1.05 3.7ox1o-4 

Industrial Area 

Site 3, Underground Waste Solvent Storage Area 
WHF-33D 2.88 to 3.18 4 0.0021 2.97 1.05x10-3 
WHF-3-7D 41.24 to 41.67 2 0.0288 41.46 1.46~10” 

Site 5, Battery Acid Seepage Pit 
WHF-5-8D 0.32 to 0.31 2 0.0002 0.32 1.12x1g4 
WHF-5-1OD 18.09 to 21.64 4 0.0141 20.32 7.17x10-3 

Site 6, South Transformer Oil Disposal Area 
WHF-6-l D 15.45 to 17.29 4 0.0116 16.66 5.88~10’~ 

Geometric Mean 6.67 2.35~10.~ 

Notes: Average is the arithmetic average. 

ft/day = feet per day. 
ft/min = feet per minute. 
__ = data not available. 

cm/set = centimeters per second. 
R = data rejected. 
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(WHF-5-OW-1, WHF-5-PZ-1, WHF-5-PZ2, and WHF-5-03) and the productionwell itself 
were observed during the pump test. Following the termination of the pumping 

- , portion of the test, aquifer recovery data were collected from the same 
monitoring locations for a 7-day period. 

The data collected during the pumping test were evaluated using the Hanstush and 
Jacob (1955) leaky aquifer and Boulton (1955) delayed drainage methods to provide 
estimates of the transmissivity, hydraulic conductivity and storativity of the 
sand and gravel aquifer. Calculated transmissivity values ranged from 10,000 to 
20,000 ft2/day. the range of lateral hydraulic conductivity is approximately 100 
to 150 ft/day and storativities ranged from 0.045 to 0.08 (unitless). 

A detailed summary of the pumping test data is presented in Appendix A of the RI 
Phase I Technical Memorandum No. 2, Hydrogeologic Assessment (ABB-ES, 1992b). 

3.2.3 Potentiometric Water Surface Water table elevations were measured twice, 
September 30 through October 1, 1993, and February 8 through 9, 1994, during the 
RI Phase IIA investigation. Beginning in June 1994, quarterly water ,table 
elevations were measured as part the RI Phase IIB investigation. Groundwater 
measurements were recorded in all available monitoring wells, and the measured 
water elevation data is provided in Appendix E. Because the groundwater 
measurement data between the multiple measurement events are similar, a 
discussion and figures for only two of the events (October 12 and 14, 1993, and 
February 8 and 9, 1994) are presented in this report. 

Groundwater Flow Direction. Shallow and deep zone groundwater flow directions 

t("l 
were determined using data from two water-level elevation measurement events 
(Appendix E). Although a continuous confining layer or groundwater barrier was 

.- not identified at the facility, because of the differences in monitoring well 
depths, shallow and deep groundwater flow zones were plotted for comparison. 

Perched groundwater was encountered only in the industrial area and at one 
location in the southeast perimeter road sites. Figures 3-6 and 3-7 illustrate 
installationwide groundwater contours for the shallow and deep zones, respective- 
ly, based on the October, 1993, water-level measurement event. Figures 3-8 and 
3-9 illustrate installationwide groundwater contours for the shallow and deep 
zones, respectively, based on the February, 1994, water-level measurement event. 
Interpretation of these figures suggest that groundwater flows primarily in a 
south to southwesterly direction in the western part of the facility. In 
addition, a lesser flow component to the southeast may be present in the 
southeast part of the facility. Clear Creek, located west of the facility, 
appears to be a discharge area for groundwater. 

3.2.4 Horizontal and Vertical Gradients Table 3-5 summarizes the horizontal 
hydraulic gradients calculated for various sites at the Installation. Estimated 
horizontal hydraulic gradients across the installation range from 0.0039 foot per 
foot (ft/ft) to 0.0048 ft/ft. With the exception of Sites 29 and 30, horizo'ntal 
hydraulic gradients for all other sites were within the same order of magnitude. 
The values at Site 30 were one order of magnitude lower than this range, and the 
values at Site 29 were one order of magnitude higher. A comparison of the 
calculated values between measurement events indicated similar values. 

WHT-RIFS.GIR 
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Table 3-5 
Summary of Horizontal Hydraulic Gradients 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

September 30 to October 1, 1993 February 8 and 9, 1994 

Well 
Distance 

Designation 
Between Wells Horizontal 

(feet) 
Water Level 

Gradient 
Water Level 

Horizontal 

b-N 
Gradient 

wf4 
b-4 

WV 

Northwest Disposal and Crash Crew Trainina Areas 

WHF-17-1s 218 83.67 0.0017 82.36 0.0017 

WHF-17-2 83.30 82.00 

WHF-18-3 511 71.34 0.0047 70.05 0.0046 

WHF-18-2 68.93 67.71 

WHF-l-2 205 79.48 0.0039 78.08 0.0041 

WHF-1-1s 78.68 77.24 

WHF-1-1s 1,201 78.68 0.0049 77.24 0.0047 

WHF-2-1 72.84 71.62 

Average gradient 0.0038 0.0038 

Southwest Disposal Area 

WHF-16-2s 1,063 

WHF-16-3s 

WHF-15-4s 983 

WHF-15-5s 

WHF-15-3s 523 

WHF-15-2s 

44.75 0.0062 43.93 0.0055 

38.21 38.12 

44.88 0.0052 43.66 0.0047 

39.81 39.06 

43.36 0.0053 41.62 0.0028 

40.58 40.15 

Average gradient 0.0056 0.0043 

Southeast Disposal Area 

WHF-9-3s 526 

WHF-1 O-2 

WHF-9-l 460 

WHF-10-1 

WHF-9-2 842 

WHF-IO-2 

See notes at end of table. 

60.07 0.0026 57.50 0.0025 

58.71 56.17 

59.83 0.0027 57.21 0.0024 

58.61 56.11 

61.04 0.0028 58.38 0.0026 

58.71 56.17 

3-23 



Table 3-5 (Continued) 
Summary of Horizontal Hydraulic Gradients 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Distance 
September 30 to October 1, 1993 

Well 
Designation 

Between Wells Horizontal 

(feet) 
Water Level 

Gradient 
(msl) 

vvft) 

Southeast DisDosal Area (Continued) 

WHF-11-3 1,381 55.28 0.0029 

WHF-13-2 51.25 

WHF-11-2 1,123 54.62 0.0031 

WHF-14-l 51.20 

WHF-9-2 3,547 61.04 0.0029 

WHF-14-2 50.65 

Average gradient 0.0028 

February 8 and 9, 1994 

Horizontal 
Water Level 

Gradient 
W4 

vm 

52.97 0.0029 

49.01 

52.19 0.0029 

48.90 

58.38 0.0028 

48.35 

0.0026 

Industrial Area 

WH F-32-5 

WHF-32-1 

WHF-245 

WHF-244 

WHF-30-5 

WHF-30-3 

WHF-33-5 

WHF-33-4 

WHF-33-4 

WHF-6-1 S 

WHF+lOS 

WHF-29-1 

189 73.55 0.0031 72.21 0.0030 

72.96 71.64 

237 69.99 0.0160 69.33 0.0158 

66.25 65.59 

509 58.17 0.0005 56.46 0.0002 

57.94 56.35 

219 63.80 0.0016 61.99 0.0018 

63.45 61.60 

401 63.45 0.0044 61.60 0.0043 

61.70 59.89 

1,506 63.83 0.0018 62.08 0.0024 

66.47 65.76 

Average gradient 0.0046 0.0046 

Installation 

WHF-BKG-1 12,356 

WHF-16-3s 

WHF-3-7s 6,105 

WHF-16-4s 

Notes: msl = mean sea level. 
ft/ft = feet per foot. 

87.00 0.0039 85.70 0.0039 

38.21 38.12 

69.47 0.0049 68.38 0.0048 

39.30 39.05 

‘Y----T 
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Table 3-6 provides a summary of the vertical hydraulic gradients calculated for 
each of the sites at the installation. The vertical hydraulic gradients across 
the installation range from 0.0486 at Site 3 to 0.0006 ft/ft at Site 5. The 
direction of flow was predominantly in the downwardvertical direction. However, 
upward flow was observed in six well clusters (Sites 5, 6, 14, 15, and 16). 
Three of these clusters (at Sites 5 and 15) exhibited a reversal of the vertical 
hydraulic gradients calculated for each of the individual sites, 

3.3 BACKGROUND CHEMICAL CHARACTERISTICS. One concern of the RI was the 
occurrence of naturally occurring organic and inorganic compounds. To address ' 
this concern, a background investigation that included the collection and 
analysis of 15 surface soil samples, 14 subsurface soil samples, 2 surface water 
samples, 2 sediment samples, and 10 groundwater samples was completed. 

The following sections present the sample collection rationale, the chemical 
analytes detected in the background samples, a comparison of detected analtytes 
to ARARs, and an assessment of data quality. Laboratory analytical results are 
presented in Appendix F. Appendix I provides details for an FDEP-approved site- 
specific soil cleanup goal for arsenic at covered landfill sites. 

3.3.1 Surface and Subsurface Soil Analvtical Results Twenty-eight background 
soil samples, including 15 surface soil samples and 14 subsurface soil samples, 
have been collected to assess the background concentrations of target-analytes 
at the facility. The following paragraphs describe the sampling location and 

_ rational for sampling. 

Locations of background soil samples were selected to represent areas that were 
unlikely to be affected by past or present waste disposal practices, and major 
soil types based on the USDA Soil Consecration Service (USDA, 1980) soil 
classification. Aerial photographs were used to identify areas that have not 
been subjected to past or present waste disposal practices. Some RI Phase IIB 
background soil locations were selected in areas subjected to recent controlled 
burning to evaluate changes in chemical concentrations as a result of the burn 
activities. 

A review of the Soil Survey of Santa Rosa County, Florida (USDA, 1980) indicates 
eight soil types associated with the NAS Whiting Field RI sites, including Troup 
loamy sand, Lakeland sand, Dothan fine sandy loam, Lucy loamy sand, Orangeburg 
sandy loam, Bonifay sandy loam, Fuquay loamy sand, and Bibb-Kingston soil 
association. A review of the soil distribution and occurrence indicated that six 
of the eight soil types including Troup loamy sand, Lakeland sand, Dothan fine 
sandy loam, Lucy loamy sand, Bonifay sandy loam and Orangeburg Sandy Loam, are 
dominant in that they represent approximately 97 percent of the surface soils of 
the facility. In addition, three of the soil types (Dothan fine loamy sand, 
Lucy loamy sand, and Bonifay loamy sand) were judged to be similar in type and 
occurrence and were, therefore, treated as a single unit for sampling purposes. 

Table l-2 presents the associations between the soil types and RI s&tes. Table 
3-7 provides a summary of the area1 coverage for each of the dominant soil types. 
Figure 3-10 presents the areas of occurrence for the individual USDA soil types, 

7"" 
the background surface and subsurface soil locations, and the approximate RI site 
locations. 
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Table 3-6 
Summary of Vertical Hydraulic Gradients 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Vertical 
Bottom of Well ’ Distance 

Well Number Elevation Between 

(msl) Screens 
(feet) 

Northwest Disposal and Crash Crew Training Areas 

WHF-1-1s 67.68 48.06 

WHF-l-l 19.62 

WHF-17-1s 79.46 43.75 

WHF-17-l 35.71 

Southwest Disposal Area 

WHF-15-2s 26.68 79.73 

WHF-15-2D -53.05 

WHF-15-3s 31.35 81.39 

WHF-15-3D -50.04 

WHF-15-6s 30.56 78.84 

WHF-15-60 -48.28 

WHF-16-2s 33.85 83.39 

WHF-16-21 -49.54 

WHF-16-3s 28.44 95.12 

WHF-16-3D -86.68 

WHF-16-4s 32.41 102.08 

WHF-16-49 -69.67 

See notes at end of table. 

1, 1993 February 8 9, and 1994 September 30 and October 

Groundwater Vertical 
Vertical 

Groundwater Vertical 
Elevation Gradient 

Flow Direction 
Elevation Gradient 

Vertical 

@I) (fm WI) W) 
Flow Direction 

78.68 0.0158 Downward 77.24 0.0129 Downward 

77.92 76.62 

83.67 0.0013 Downward 82.36 o.ooo9 Downward 

83.61 82.32 

40.58 0.0031 Downward 40.15 0.0041 Downward 

40.33 39.82 

43.36 0.0023 Upward 41.62 0.0140 Upward 

43.55 42.76 

39.89 0.0027 Downward 38.68 0.0226 Upward 

39.68 40.46 

44.75 0.0041 Downward 43.93 0.0026 Downward 

44.41 43.71 

38.21 0.0319 Upward 38.12 0.0291 Upward 

41.24 40.89 

39.3 0.0042 Downward 39.05 0.0041 Downward 

38.87 38.63 

\ > > 



Table 3-6 (Continued) 
Summary of Vertical Hydraulic Gradients 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Vertical 
Bottom of 

September 30 and October 1, 1993 February 8 and 9, 1994 

Well 
Distance 

Number 
Well Elevation Between Groundwater Vertical 

0-W Screens Vertical 
Groundwater Vertical 

Elevation Gradient Elevation Gradient 
Vertical 

(feet) 
WI) Wfi) 

Flow Direction 
(msl) W) 

Flow Direction 

Southeast Disposal Area 

WHF-14-2 27.5 41.01 50.65 0.0134 Upward 48.35 0.0134 Upward 

WHF-14-1 -13.51 51.20 48.90 

Industrial Area 

WHF-3-1 S 49.75 57.07 69.34 0.0032 Downward 68.19 0.0026 Downward 

WHF-3-1 D -7.32 69.16 68.04 

WHF-3-2s 58.66 55.63 71.41 0.0315 Downward 70.47 0.0363 Downward 

WHF-3-2D 3.03 69.66 68.45 

WHF-3-3s 64.43 69.31 72.17 0.0486 Downward 70.81 0.0466 Downward 

WHF-3-3D -4.88 68.80 67.58 

WHF-3-7s 49.47 56.72 69.47 0.0007 Downward 68.38 0.0026 Upward 

WHF-3-7D -7.25 69.43 68.53 

WHF-5-8s 49.29 45.61 66.53 0.0145 Downward 64.97 0.0184 Downward 

WHF-5-8D 3.68 65.87 64.13 

WHF-5-9s 46.81 50.96 64.53 0.0006 Downward 62.72 0.0007 Upward 

WHF-5-9D -4.15 64.50 62.76 

WHF-5-10s 39.4 38.40 63.83 0.0060 Downward 62.08 0.0039 Downward 

WHF-5-1OD 1 63.60 61.93 

WHF-6-1 S 43.3 46.22 61.70 0.0009 Upward 59.89 0.0011 Upward 

WHF-6-ID -2.92 61.74 59.94 

Notes: msl = mean sea level. 
ft/ft = feet per foot. 



Table 3-7 
Summary of Dominant Soil Type Areal Coverage 

Remedial investigation and Feasibility Study 
General information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Soil Types 
Areal Coverage of Number of RI Sites Number of Sample 

Facility (%) with Soil Type’ Locations 

Troup loamy sand 75 31 12 

Dothan fine sandy loam, Lucy 12 7 3 
loamy sand, and Bonifay 
loamy sand 

Lakeland sand 8 3 4 
I 

Orangeburg sandy loam 2 1 3 

3 2 none 

’ One or more soil types occur at each site. 

Notes: % = percent. 
RI = remedial investigation. 
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SCALE: 1 INCH = 2400 FEET 
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3.3.1.1 Surface Soil Analytical Results Ten background surface soil samples 
were collected on August 10, 1992, during the RI Phase IIA investigation. The 
samples were analyzed for PAHs using CLP methods, TCL PCBs, and TAL inorganic 
analytes. Five additional background surface soil samples were collectedbetween 
December 4, 1995, and January 11, 1996, during the RI Phase IIB investigation. 
These samples were analyzed for TCL VOCs, TCL SVOCs (including PAHs), TCL 
pesticides and PCBs, and TAL inorganic analytes. 

Eight of the background surface soil samples were collected from the Troup loamy 
sand because it occupies approximately 75 percent of the surface area of the 
facility and is associated with 31 of 32 sites. Three surface soil samples were 
collected from the Orangeburg sandy loam, three from the Lakeland sand, and one 
from the Dothan/Lucy/Bonifay soil types. 

Four of the eight background surface soil samples (BKS00201, BKS00301, BKS00401, 
and BKS00501) collected from the Troup loamy sand were recovered from areas 
subjected to recent (within the past year) controlled burning of planted pine 
tree areas (Table 3-8). The burn areas were selected to evaluate the effect of 
burning activities on organic chemical constituents in soils, particularly PAI&.. 

All background surface soil analyte concentrations were evaluated against two 
ARARs: USEPARegion III RBCs and Florida soil cleanup goals. For reference, both 
residential and industrial land-use values are provided. The screening value for 
noncarcinogens is adjusted for an HQ of 0.1 compared to the value reported in the 
Region III RBCs. These values are used based on supplemental guidance published 
by USEPA (USEPA 1995b). 

Troup Loamy Sand. Surface soil sample locations from the Troup loamy sand soil 
type are presented on Figure 3-10. Table 3-8 presents a summary of the 
analytical results for the background surface soil samples collected from the 
Troup loamy sand soil type. 

Bis(2-ethylhexyl)phthalate was the only organic compound detected in the Troup 
loamy sand background surface soil samples. The compound was detected in three 
of five surface soil samples (three of the samples were not analyzed for VOCs). 
All three detected concentrations were qualified as estimated during the data 
validation process. 

All of the TAL inorganic analytes were detected in one or more of the Troup loamy 
sand background surface soil samples. Table 3-9 summarizes the frequency of 
detection, range of detection limits, range of detected concentrations, mean of 
detected concentrations, and background screening values. The table also 
includes the ARARs used to evaluate the analytical results. 

Six of the inorganic analytes, including aluminum, antimony, arsenic, beryllium, 
iron, and manganese, were detected in individual samples at concentrations 
exceeding the ARARs for residential land use. The background screening values 
for all six of the analytes also exceeded the residential land-use ARAR values. 
However, none of the individual sample concentrations or background screening 
values exceed the industrial land-use ARARs. 

Lakeland Sand. Surface soil sample locations from the Lakeland sand soil type 
are presented on Figure 3-10. Table 3-10 is a summary of the analytical results *a, 
for the Lakeland sand samples. Table 3-11 summarizes the frequency of 
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NA NA NA 

_- __ _- __ __ 45 J 69 J 57 J 

Table 3-8 
Analytes Detected in Background Surface Soil Samples, Troup Loamy Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: Background 

Sample Identifier: BKG-SL-02 

:ollect Date: 1 O-AUG-92 

aboratory Sample No.: 22440002 

TCL Volatile Organic Compounds be/kg) 

Background Background 

BKG-SL-06 BKG-SL-07 

1 O-AUG.92 1 O-AUG-92 

22440006 22440007 

Background 

BKG-SL-08 

1 O-AUG-92 

22440008 

Background 

BKSoolOl 

09-JAN-96 

RA856013 

Background Background Background Background 

BKS00201 BKSO0201 D BKSO0401 BKS00501 

1 O-JAN-96 1 O-JAN-96 lo-JAN-96 lo-JAN-96 

FrA870008 RA870009 RA870011 RA870010 

Uone detected NA 

TCL Semivolatile Organic Compounds @g/kg) 

,is(2-Ethylhexyl) phthalate __ 

TCL Pesticides and Polvchlorinated Biphenvls kg/kg) 

Vane detected 

TAL (Total) lnornanic Compounds (ma/kg) 

Uuminum 

lntimony 

ksenic 

3arium 

3eryllium 

2admium 

>alcium 

:hromium 

>obalt 

:opper 

ron 

.ead 

inagnesium 

danganese 

dercury 
Jickel 

‘otassium 

selenium 

5,410 21,300 6,350 7,900 5,590 J 6,640 J 4,230 J 5,080 J 6,330 J 

2.9 J 5J __ _- __ __ __ -_ __ 

0.91 J 3.7 1.2 J 1.3 J 1.6 J 1.6 J 0.99 J 1.2 J 1.3 J 

7.8 J 26.2 J 10.5 J 9.3 J 6J 11.4 J 8.9 J 10.7 J 12J 

0.09 J 0.35 J 0.11 J __ __ 0.05 J __ __ 0.05 J 

__ -. __ __ -_ 0.21 J -- -_ 0.22 J 

269 J 262 J 216 J 210 J 82 J 132J 215 J 202 J 166J 

6.2 16.3 4.5 5.4 3.4 3.4 2J 2.4 J 3.2 

1.2J 2.9 J 0.89 J 0.97 J 0.78 J 1J _- __ 1J 

4.6 J 8.5 3.9 J 5.4 J -_ 3.4 J _- 2.6 J _- 

3,380 12,400 3,400 4,430 3,180 J 3,340 2,220 2,630 3,130 

2.7 J 8J 3.3 9.8 J 3.9 J 5.9 5.1 6.5 5.6 

149J 316 J 109J 119J 68.8 J 124J 72.5 J 88 J 120J 

66.7 236 314 149 86.4 249 217 238 246 

0.07 J __ __ -- 0.04 J 0.05 J 0.07 J 0.04 J 

__ 5.9 J _- __ __ 2.6 J _- -- 117 J 

-_ -- -- 96.8 J 65.8 J 96.8 J 87.4 J 

__ __ 0.4 J 0.2 J 0.16 J 0.14 J 0.19 J 0.22 J 
. 

jee notes at end ot table. 



Table 3-8 (Continued) 
Analytes Detected in Background Surface Soil Samples, Troup Loamy Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: Background Background 

Sample Identifier: BKG-SL-02 BKG-SL-06 

Collect Date: lo-AUG-92 lo-AUG-92 

Laboratory Sample No.: 22440002 22440006 

TAL (Total) Inorganic Compounds (mglkg) (Continued) 

Background Background 

BKG-SL-07 BKG-SL-08 

1 O-AUG-92 1 O-AUG-92 

22440007 22440008 

Background 

BKSOOlOl 

09-JAN-96 

RA856013 

Background Background Background Background 

BKS00201 BKS00201 D BKS00401 BKS00501 

1 O-JAN-96 1 O-JAN-96 lo-JAN-96 lo-JAN-96 

RA870008 W870009 RA870011 RA870010 

Silver 0.35 J __ __ -- __ __ __ _- 

Sodium 

Thallium 

Vanadium 

Zinc 

Cyanide 

Notes: D in sample identifier = duplicate sample. 
TCL = target compound list. 
pg/kg = micrograms per kilogram. 
NA = not analyzed for Phase IIA background surface soil samples. 

19OJ 227 J 149J 235 J 143J 184J 346 J 216 J 196 J 

_- __ __ __ __ _- -_ __ 0.16 J 

8.7 J 31.1 8.8 J 10.5 J 7.5 J 8.1 J 5J 6J 7.7 J 

7.4 16.3 J 7.7 J 8.7 J _- 5.6 3.2 J 4.3 J 5.1 

__ __ __ __ 0.14 J __ __ __ __ 

__ = analyte, if present, was less than the detection limit. 
J = the associated numerical value is an estimated quantity. 
TAL = target analyte list. 
mg/kg = milligrams per kilogram. 



Table 3-9 
Summary of Background Surface Soil Analytical Results for the Troup Loamy Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Frequency of Range of Detection Range of Detected Mean of Detected 
Background 

USEPA Region Ill Soil Cleanup Goals 

Analyte 
RBCs’ for Florida’ 

Detection’ Limits Concentrations* Concentrations’ 
Screening 

Values4 
Residential/ Residential/ 

Industrial Industrial 

TCL Volatile Organic Compounds @g/kg) 

None detected - _- -- _- 

TCL Semivolatile Organic Compounds (ye/kg, 

None detected 

PesticideslPCBs @glkg) 

bis(2-Ethylhexyl)phthalate 314 360 to 400 57 to 115* 80.3 80.3 46,000/410,000 48,000/l 10,000 

Inorganic Compounds (mglkg) 

Yuminum 818 40 5,080 to 21,300 7,924 15,848 7,800/8100,000 75,000/-- 

Antimony 218 2.7 to 12 2.9 to 5 4 8 3.11’82 261220 

Arsenic 818 2 0.91 to 3.7 1.6 3.2 0.431’3.8 0.81’3.7 

Barium 818 40 6 to 26.2 11.6 23.2 550/814,000 5,200/84,000 

Beryllium 518 0.08 to 1 0.05 to 0.35 0.18 0.36 0.15/‘1.3 0.211 .o 

Cadmium 218 0.59 to 1 0.22 to 0.36* 0.29 0.58 3.9/@100 600 

Salcium w3 1,000 82 to 269 198 396 + + 

Chromium 818 2 2.4 to 16.3 5.5 11.0 39/‘01,000 290/43’O 

Cobalt 7/8 10 0.78 to 3.0* 1.5 3.0 470/‘12,000 4,700/l 10,000 

Zapper 6/8 5 2.6 to 8.5 4.7 9.4 310/‘8,200 2,900/72,000 

‘ran v 20 2,630 to 12,400 4,416 8,832 2,300/‘61,000 -/- 

-cad 818 0.6 to 1 2.7 to 9.8 5.7 11.4 400” 500/l ,000 

Wagnesium w-3 1,000 68.8 to 316 134 268 + -/- 

Wanganese 8/8 3 66.7 to 314 196 392 180/‘4,700 37015,500 

Vlercury 418 0.03 to 0.1 0.04 to 0.07 0.06 0.12 2.31’61 231480 

Nickel 318 2.3 to 8 1.7 to 5.9 3.6 7.2 160/=4,100 1,500/26,000 

‘otassium 318 129 to 1,000 81.3* to 96.8 88.5 177 + -/- 

Selenium 5,i8 0.41 to 1 0.15* +n l-l n I” V.7 0.23 0.46 n.. ,Qr mm,. ^^^ I^ ^^_ 
33, I,““” alUlY,YUU 

Silver 118 0.32 to 2 0.35 0.35 0.70 39/Y ,000 380/9,000 

Sodium 818 1,000 143 to 265 203 406 -/- -/- 

3^^ A..,^^ ^A ̂ ..,.A ̂ ‘ &^LI^ 



Table 3-9 (Continued) 
Summary of Background Surface Soil Analytical Results for the Troup Loamy Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

USEPA Region Ill Soil Cleanup Goals 
Frequency of Range of Detection Range of Detected Mean of Detected 

Background 
RBCs ’ for Florida’ 

Analyte 
Detection’ Limits Concentrations’ Concentrations3 

Screening 
Values4 

Residential/ Residential/ 
Industrial Industrial 

Inorganic Compounds (mglkg) (Continued) 

Thallium v 0.44 to 2 0.58* 0.58 1.16 -/- -/- 

Vanadium ala IO 6 to 31.1 10.9 21 .a 55/? ,400 490/4,aoo 

Zinc 718 4 4.3 to 16.3 7.7 15.4 2,300/861,000 23,000/560,000 

Cyanide 118 0.23 to 0.5 0.14 0.14 0.28 + 1,600/40,000 

’ Frequency of detection is the number of samples in which the analyte was detected divided by the total number of samples analyzed (excluding rejected values). 
’ Value indicated by an asterisk is the average of a sample and its duplicate. If the target analyte is not detected in either the environmental sample or associated 
duplicate, the value used for the nondetection is one-half the reporting limit. 
’ The mean of detected concentrations is the arithmetic mean of all environmental samples in which the analyte was detected; it includes a single value for an 
environmental sample and associated duplicate. The arithmetic mean does not include those environmental samples in which the analyte was not detected. 
’ The background screening value for organics is the mean detected concentration and will not be used for screening purposes in the risk assessment. The background 
screening value for inorganics is two times the mean detected concentration and will be used for screening purposes in the risk assessment. 
’ Source: Memorandum dated April 12, 1997, from Roy L. Smith, Technical Support Section. USEPA Region Ill to RBC Table Mailing List. Subject Risk-Based 
Concentrations Table. 
’ Source: FDEP Memorandum dated September 29, 1995, from John M. Ruddell, Director, Division of Waste Management to District Directors, Waste Program. Subject: 
Soil Cleanup Goals for Florida. 
’ The values correspond to a human cancer risk level of 1 in 1 ,OOO,OOO. 
’ The calculated values correspond to a noncancer hazard quotient of 0.1. 
’ Source: Updated FDEP Memorandum dated January 19, 1996, from John M. Ruddell, Director, Division of Waste Management to District Directors, Waste Program. 
Subject: Applicability of Soil Cleanup Goals for Florida. 
lo Source: Updated FDEP Memorandum dated April 5, 1995, from Ligia Mora Applegate, Director, Technical Review Section, Bureau of Waste Cleanup, to Tim Barr, 
Technical Review Section, Bureau of Waste Cleanup. Subject: Cleanup Goals for Military Sites in Florida. 
” USEPA (1994) Office of Solid Waste and Emergency Response Directive No. 9355.4-12 revised interim recommended soil cleanup for CERCLA and RCRA sites. 

Notes: USEPA = U.S. Environmental Protection Agency. 
RBC = risk-based concentration. 
TCL = target compound list. 
pg/kg = micrograms per kilograms. 
-- = criteria not available. 
PCB = polychlorinated biphenyl. 
mg/kg = milligrams per kilograms. 
* = average of a sample and its duplicate. 



Table 3-10 
Analytes Detected in Background 

Surface Soil Samples, Lakeland Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: Background Background Background 

Sample Identifier: BKG-SL-01 BKG-SL-09 BKG-SL-09A’ 

Collect Date: 1 O-AUG-92 1 O-AUG-92 1 O-AUG-92 

Lab Sample No.: 22440001 22440009 22440010 

CLP Polynuclear Aromatic Hydrocarbons (PAHs) (pglkg) 

None detected 

Background 

BKG-SL-10 

1 O-AUG-92 

22440011 

TCL Pesticides and Polvchlorinated Biphenvls (PCBs) @g/kg) 

Dieldrin 23 J 35 

TAL (Total) lnoraanics (mglkg) 

Aluminum 2,510 2,510 4,090 

Arsenic 0.69 J 0.58 J 0.73 J 

Barium 2.7 J 2.4 J 3.9 J 

Cadmium -_ 

Calcium 290J 118J 240 J 

Chromium 3.4 2.3 4.2 

Cobalt __ -_ 

Copper 2.1 J 1.8 J 4.3 J 

Iron 2,260 1,670 2,780 

Lead I.8 5.9 J 3.8 J 

Magnesium 88.9 J 46.9 J 78.8 J 

Manganese 44.4 14 27.6 

Nickel -- 4.1 J 

Sodium 150 J 145 J 217 J 

Vanadium 6.1 J 3.7 J 6.2 J 

Zinc 4.8 5.5 J ii.8 J 

’ The “A” at the end of the sample identifier indicates a duplicate sample. 

__ 

5,040 

1J 

5.2 J 

0.9 J 

401 J 

3.8 

0.75 J 

3.3 J 

2,780 

4.1 J 

122J 

144 

-_ 

144 J 

6.7 J 

12.1 J 

Notes: CLP = Contract Laboratory Program. 
m/kg = micrograms per kilogram. 
__ = the analyte, if present, was less then the detection limit. 
J = the associated numerical value is an estimated quantity. 
TCL = target compound list. 
TAL = target analyte list. 
mg/kg = milligrams per kilogram. 
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Table 3-11 
Statistical Summary of Analytes Detected in Background Surface Soil Samples, Lakeland Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

USEPA Region III Soil Cleanup 

Analyte 
Frequency of Range of Detection Range of Detected Mean of Detected Background RBCs 5 Goals Florida’ 

Detection’ Limits Concentrations’ Concentrations3 Screening Values4 Residential/ Residential/ 
Industrial Industrial 

CLP Polvnuclear Aromatic Hvdrocarbons @g/kg) 

None detected -_ __ -_ -_ __ 

PesticideslPCBs kg/kg) 

Dieldrin 1/3 17 29* 29 29 0.04 j’O.36 0.07/0.3 

lnoraanics (mg/kgJ 

Aluminum 313 40 2,510 to 5,040 3,617 7,233 7,a00/8100,000 75,000/- 

Arsenic 313 2 0.66* to 1 0.78 1.6 0.431’3.8 o.ajg3.7 

Barium 313 40 2.7 to 5.2 3.7 7.4 550/Y 4,000 5,200/84,000 

Cadmium 113 1 0.9 0.9 1.8 3.9J8100 371600 
Calcium 313 1,000 179* to 401 290 580 -/- -/- 

Chromium 3/3 2 3.3” t0 3.8 3.5 7 39/8*‘01 ,000 29op430 

Cobalt 113 10 0.75 0.75 1.5 470/812,000 4,700/l 10,000 

Copper 313 5 2.1 to 3.3 2.8 5.6 310/88,200 2,900/“72,000 

Iron 313 20 2,230 to 2,760* 2422 4,840 2,300/861 ,000 -/- 

Lead 3/3 1 I .a t0 4.9” 3.6 7.2 =400 500/1000 
Magnesium 313 1,000 62.9* to 122 91.3 183 -/- --/-- 

Manganese 313 3 20.8” to 144 69.7 140 I aoJ84,700 370/5,500 

Nickel 113 8 4.1* 4.1 a.2 160/84,100 1,500/26,000 

Sodium 313 1,000 144 to iai* 158 316 -/- -/- 

Vanadium 313 10 5.0* to 6.7 5.9 11.8 55j81 ,400 490/4,aoo 

Zinc 3/3 4 4.8 t0 12.1 a.5 17 2,300/861 ,000 23,000/5,600,000 
n-- __I__ _I _-_I -1 I-La- 

’ 1 \ P 



Table 3-l 1 (Continued) 
Statistical Summary of Analytes Detected in Background Surface Soil Samples, Lakeland Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida _. 

’ Frequency of detection is the number of samples in which the analyte was detected divided by the total number of samples analyzed (excluding rejected 
values). 
* Value indicated by an asterisk is the average of a sample and its duplicate. If the target analyte is not detected in either the environmental sample or 
associated duplicate, the value used for the nondetection is one-half the reporting limit. 
3 The mean of detected concentrations is the arithmetic mean of all environmental samples in which the analyte was detected; it includes a single value for an 
environmental sample and associated duplicate. The arithmetic mean does not include those environmental samples in which the analyte was not detected. 
4 The background screening value for organics is the mean detected concentration and will not be used for screening purposes in the risk assessment. The 
background screening value for inorganics is two times the mean detected concentration and will be used for screening purposes in the risk assessment. 
5 Source: Memorandum dated April 29, 1995, from Roy L. Smith, Technical Support Section. USEPA Region IV to RBC Table Mailing List. Subject: Risk-Based 
Concentrations Table. 
’ Source: Memorandum dated September 29, 1995, from John M. Ruddell, Director, Division of Waste Management to District Directors, Waste Program. Subject: 
Soil Cleanup Goals for florida. 
’ The values correspond to a human cancer risk level of 1 in l,OOO,OOO. 
* The calculated values correspond to a noncancer hazard quotient of 0.1. 
’ Source: Updated Memorandum dated January 19, 1996, from John M. Ruddell, Director, Division of Waste Management to District Directors, Waste Program. 
Subject: Applicability of Soil Cleanup Goals for Florida. 
” The value is based on the hexavalent form of chromium. 
” Source: Updated Memorandum dated April 5, 1995, from Ligia Mora Applegate, Director, Technical Review Section, Bureau of Waste Cleanup, to Time Barr, 
Technical Review Section, Bureau of Waste Cleanup. Subject: Cleanup Goals for Military Sites in Florida. 
” USEPA Office of Solid Waste and Emergency Response Directive No. 9355.4-12 revised interim recommended soil cleanup for CERCLA and RCRA sites. 

Notes: USEPA = U.S. Environmental Protection Agency. 
RBC = risk-based concentration. 
CLP = Contract Laboratory Program. 
,ug/kg = micrograms per kilogram. 
-- = criteria not available. 
PCB = polychlorinated biphenyl. 
* = average of a sample and its duplicate. 
mg/kg = milligrams per kilogram. 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act. 
RCFtA = Resource Conservation and Recovery Act. 



detection, range of detection limits, range of detected concentrations, mean of 
detected concentrations, background screening values, andARM& screening values. 

TCL VOCs and SVOCs were not analyzed for in the Phase IIA sampling of the 
Lakeland sand soil type. One pesticide compound, dieldrin, was the only TCL 
analyte detected in the Lakeland sand surface soil samples. PARS or PCBs were 
not detected. The detected concentration and the background screening value of 
dieldrin, both exceeded residential and industrial land-use AEURs. Sixteen TAL 
inorganic analytes were detected in the Lakeland sand surface soil samples, 
including aluminum, arsenic, barium, cadmium, calcium, chromium, cobalt, copper, 
iron, lead, magnesium, manganese, nickel, sodium, vanadium, and zinc. 

Individual concentrations of two of the inorganic analytes, arsenic and iron, 
were detected at concentrations exceeding the ARARs for residential land use. 
The background screening value for both analytes also exceeded the residential 
ARAR values; however, neither of the analytes were detected at concentrations 
exceeding the industrial land-use ARARs. 

Orangeburg Sandy Loam. Surface soil sample locations from the Orangeburg sandy 
loam soil type are presented on Figure 3-10. Table 3-12 is a summary of the 
laboratory analytical results for surface soil samples from the Orangeburg sandy 
loam. Table 3-13 summarizes the frequency of detection, range of detection 
limits, range of detected concentrations, mean of detected concentrations, 
background screening values, and AFtARs screening values. TCLVOCs and SVOCs were 
not analyzed for during the Phase IIA sampling of the Orangeburg sandy loam soil 
type. Six pesticide compounds were detected in the Orangeburg sandy loam soil 
samples, including 4,4'-DDE (dichlorodiphenyldichloroethene), 4,4'-DDT 
(dichlorodiphenyltrichloroethane),heptachlorepoxide,dieldrin,alpha-chlordane, 
and gamma-chlordane. PAHs or PCBs were not detected in Orangeburg sandy loam 
surface soil samples. 

All of the detected pesticide concentrations exceeded the AEUR values for 
residential land use. The calculated screening values also exceeded the 
residential land-use AEAEs. However, only detected concentrations of 4,4'-DDE, 
heptachlor epoxide, dieldrin, and gamma-chlordane also exceeded the AEUR values 
for industrial land use. 

Nineteen TAL inorganic analytes were detected in the Orangeburg sandy loam soil 
samples, including aluminum, arsenic, barium, beryllium, calcium, chromium, 
cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, potassium, 
silver, sodium, vanadium, and zinc. Five of the inorganic analytes, including 
aluminum, arsenic, beryllium, iron, and manganese, were detected at concentra- 
tions exceeding the ARARs for residential land use. The background screening 
value for all five of the analytes also exceeded the residential-use APAE value. 
None of the detected inorganic concentrations exceeded the industrial land-use 
ARARS . 

Dothan/Lucy/Bonifay Soil Types. Surface soil sample locations from the' 
Dothan/Lucy/Bonifay soil types are presented on Figure 3-10. Table 3-14 presents 
a summary of the analytical results for the background surface soil samples 
collected from the Dothan/Lucy/Bonifay soil type. 

No TCL VOCs, SVOCs, pesticides or PCBs were detected in the sample from the 
Dothan/Lucy/Bonifay soil types. 
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Table 3-12 
Analytes Detected in Background 

Surface Soil Samples, Orangeburg Loamy Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: Background Background 

Sample Identification: BKG-SL-03 BKG-SL-04 

Collect Date: lo-AUG-92 lo-AUG-92 

Lab Sample No.: 22440003 22440004 

CLP Polvnuclear Aromatic Hvdrocarbons (PAHs) @g/kg) 

None detected 

Background 

BKG-SL-05 

l O-AUG-92 

22440005 

TCL Pesticides and Polvchlorinated Biphenvls (pg/kgj 

4,4’-DDE 8.7 J 

4,4’-DOT 6.0 J __ 

Heptachlor epoxide __ -_ 

Dieldrin 

alpha-Chlordane __ 

gamma-Chlordane -- __ 

TAL (Total) Inorganic Compounds (mg/kg) 

Aluminum 12,400 11,100 

Arsenic 1.9 J 2J 

Barium 33.9 J 11.9 J 

Beryllium 0.23 J 0.12 J 

Calcium 439 J 327 J 

Chromium 9 7.9 

Cobalt 2.6 J 1.2J 

Copper 5J 3.9 J 

Iron 7,720 5,900 

Lead 7.6 4.1 J 

Magnesium 219 J 153J 

Manganese 976 233 

Mercury 0.04 J -- 

Nickel 3.1 J 

Potassium __ .- 

Silver -_ _- 

Sodium 152J 141 J 

Vanadium 20.1 15.2 

Zinc 9.8 J 9.7 J 

Notes: CLP = Contract Laboratory Program. 
pg/kg = micrograms per kilogram. 
TCL = target compound list. 
DDE = dichlorodiphenyldichloroethene. 
J = the associated numerical value is an ‘estimated quantity, 
_- = the analyte, if present, was less than the detection limit. 
DDT = dichlorodiphenyltrichloroethane. 
TAL = target analyte list. 
mg/kg = milligrams per kilogram. 

16.0 J 

9.6 J 

3.4 J 

9.0 J 

1.4 J 

5.2 J 

20,800 

3.1 

26.8 J 

0.3 J 

3,750 

16.2 

2.5 J 

6.3 

12,500 

8.4 

1,570 

698 

4.2 J 

236 J 

0.42 J 

158 J 

31.9 

11.9 J 
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Table 3-13 
Statistical Summary of Analytes Detected in Background Surface Soil Samples, Orangeburg Loamy Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Background USEPA Region III Soil Cleanup Goals 
Analyte 

Frequency of Range of Detection Range of Detected Mean of Detected 
Detection’ Limits Concentrations Concentrations* 

Screening Residential/Industrial Residential/Industrial 
Values” RBCs4 Florida’ 

CLP Polynuclear Aromatic Hydrocarbons (PAHs) @g/kg) 

Vane detectcfr 

PesticideslPCBs lpglkgl 
4,4,-DDE 213 18 8.7 to 16 12.4 12.4 1.9/?7 3.0/l 1 
4,4’-DDT 213 18 6.0 to 9.6 7.8 7.8 1.9/Y7 3.1112 
tieptachlor epoxide l/3 8.8 to 9 3.4 3.4 3.4 0.7/‘0.63 0.1/0.3 
Dieldrin l/3 18 9.0 9.0 9.0 0.04j60.36 0.07/0.3 
alpha-Chlordane l/3 88 to 90 1.4 1.4 1.4 0.49p4.4 0.813.0 
gamma-Chlordane 113 88 to 90 5.2 5.2 5.2 0.49p4.4 0.8/3.0 

lnorganics (mglkgl 
Aluminum 313 40 11,100 to 20,800 14,767 29,533 7,800/‘100,000 75,000/-- 
Arsenic 313 2 1.9 to 3.1 2.3 4.6 0.43/‘3.8 0.8/‘3.7 
Barium 313 40 11.9 to 33.9 24.2 48.4 550/‘14,000 5,200/84,000 
Beryllium 313 1 0.12 to 0.3 0.22 0.44 0.15/Y.3 0.211 .o 
Calcium 313 1,000 327 to 3,750 1,505 3,010 -I- -/- 

Chromium 213 2 7.9 to 16.2 11.0 22 39p 1,000 290/g430 
Cobalt 313 10 1.2 to 2.6 2.1 4.2 470/‘12,000 4,700/l 10,000 
Copper 313 5 3.9 to 6.3 5.1 10.2 310/‘8,200 2,900/‘072,000 
Iron 313 20 5,900 to 12,500 8,707 17,414 2,300/‘61,000 + 

Lead 313 1 4.1 to 8.4 6.7 13.4 “400 500/l ,000 
Magnesium 313 1,000 153 to 1,570 647 1,294 -/- % -/-- 

Manganese 313 3 233 to 976 636 1,272 180/‘4,700 370/5,500 
rrlercury l/3 0.1 0.04 0.04 0.08 2.31’61 231480 
rlickel 213 8 3.1 to 4.2 3.7 7.4 160/‘4,100 1,500/26,000 
‘otassium 113 1,000 236 236 472 -/- -/- 

silver 113 2 0.42 0.42 0.84 39/‘1,000 380/9,000 
sodium 313 1,000 141 to 158 150 300 -I- -/- 

/anadium 313 10 15.2 to 31.9 22.4 44.8 55/‘1,400 490/4,800 
Bnc 313 4 9.7 to 11.9 10.5 21.0 2,300/‘61,000 23,000/560,000 
. . . ~6 ~,a.LI. jee nores at ena OT raore. 



Table 3-13 (Continued) 
Statistical Summary of Analytes Detected in Background Surface Soil Samples, Orangeburg Loamy Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

’ Frequency of detection is the number of samples in which the analyte was detected divided by the total number of samples analyzed (excluding rejected values). 
’ The mean of detected concentrations is the arithmetic mean of all environmental samples in which the analyte was detected; it includes a single value for an 
environmental sample and associated duplicate. The arithmetic mean does not include those environmental samples in which the analyte was not detected. 
’ The background screening value for organics is the mean detected concentration and will not be used for screening purposes in the risk assessment. The background 
screening value for inorganics is two times the mean detected concentration and will be used for screenrg purposes in the risk assessment. 
4 Source: Memorandum dated April 2, 1997, from Roy L. Smith, Technical Support Section, USEPA Region Ill to RBC Table Mailing List. Subject: Risk-Based 
Concentrations Table. 
’ Source: Memorandum dated September 29, 1995, from John M. Ruddell, Director, Division of Waste Management to District Directors, Waste Program. Subject: Soil 
Cleanup Goals for Florida. 
’ The values corresponds to a human cancer risk level of 1 in 1 ,OOO,OOO. 
’ The calculated values corresponds to a noncancer hazard quotient of 0.1. 
’ The value is based on the hexavalent form of chromium. 
’ Source: Updated Memorandum dated January 19, 1996, from John M. Ruddell, Director, Division of Waste Management to District Directors, Waste Program. Subject: 
Applicability of Soil Cleanup Goals for Florida. 
lo Source: Updated Memorandum dated April 5, 1995, from Ligia Mora Applegate, Director, Technical Review Section, Bureau of Waste Cleanup, to Time Barr, Technical 
Review Section, Bureau of Waste Cleanup. Subject: Cleanup Goals for Military Sites in Florida. 
” USEPA Office of Solid Waste and Emergency Response Directive No. 9355.4-12 revised interim recommended soil cleanup for CERCLA and RCRA sites. 

Notes: USEPA = U.S. Environmental Protection Agency. 
RBC = risk-based concentration. 
pgvg/kg = micrograms per kilogram. 
PCB = polychlorinated biphenyl. 
DDE = dichlorodiphenyldichloroethane. 
mg/kg = milligrams per kilogram. 
__ = criteria not available. 
NR = range of reporting limits not applicable because the analyte was detected in every sample. 



.“. 
Table 3-14 

Analytes Detected in Background Surface Soil Samples, 
Dothan/Lucy/Bonifay Soil Types 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: Background 

Sample Identifier: BKSOO301 USEPA Region III RBCs’ 

Collect Date: 09JAN-96 Residential’/lndustrial 

Laboratory Sample No.: R/Y85601 2 

TCL Volatile Organic Compounds bglkg) 

None detected 

TCL Semivolatile Organic Compounds @g/kg) 

None detected 

TCL Pesticides and Polychlorinated Biphenvls wg/kg) 

None detected 

TAL (Total) lnorganics (mglkg) 

Aluminum 5,610 J 7,800/3100,000 

Arsenic 1.2 J 0.43/43.8 

Barium 14 J 550/314,000 

Calcium 232 J -/- 

Chromium 4.1 39/? ,000 

Cobalt 0.98 J 470/‘12,000 

Iron 3,320 2,300/=61,000 

Lead 6.2 J ‘400 

Magnesium 89.5 J -/-- 

Manganese 246 1 80j34,700 

Selenium 0.18 J 39p 1,000 

Sodium 125 J -/- 

Vanadium 8.5 J 55/Y ,400 

Cyanide 0.11 J -I- 

See notes at end of table. 

Soil Cleanup Goals 
Florida2 

Residential/Industrial 

75,000/- 

0.8/53.7 

5,200/84,000 

-/- 

290/%0 

4,700/l 10,000 

-I- 

500/l ,000 

_- l- 
370/5,500 

390/9,900 

-I- 

490/4,800 

1,600/40,000 
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Table 3-14 (Continued) 
Analytes Detected in Background Surface Soil Samples, 

Dothan/Lucy/Bonifay Soil Types 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

’ Source: Memorandum dated April 2, 1997, from Roy L. Smith, Technical Support Section, USEPA 
Region II to RBC Table Mailing List. Subject: Risk-Based Concentrations Table. 
’ Source: Memorandum dated April 5, 1995, from Ligia Mora-Applegate, Technical Review Section, 
Bureau of Waste Cleanup, to Tim Barr, Technical Review Section, Bureau of Waste Cleanup. 
Subject: Cleanup Goals for the Military Sites in florida. 
3 Source: Memorandum dated September 29, 1995, from John M. Ruddell, Director, Division of 
Waste Management to District Directors, Waste Program. Subject: Soil Cleanup Goals for Florida. 
4 The values correspond to a human cancer risk level of 1 in l,OOO,OOO. 
5 Source: Updated Memorandum dated January 19, 1996, from John M. Ruddell, Director, Division 
of Waste Management to District Directors, Waste Program. Subject: Applicability of Soil Cleanup 
Goals for Florida. 
6 The value is based on the hexavalent form of chromium. 
’ USEPA Office of Solid Waste and Emergency Response Directive No. 9355.4-12 revised interim 
recommended soil cleanup for CERClA and RCRA sites. 

Notes: USEPA = U.S. Environmental Protection Agency. 
RBC = risk-based concentration. 
TCL = target compound list. 
M/kg = micrograms per kilogram. 
TAL = target analyte list. 
mg/kg = milligrams per kilogram. 
J = an estimated value. 
__ = criteria not available. 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act. 
RCRA = Resource Conservation and Recovery Act. 

I 

WHT-RIFS.GIR 
PMW.Ol.98 3-43 



Fourteen TAL inorganic analytes were detected in the Dothan/Lucy/Bonifay soil 
sample, including aluminum, arsenic, barium, calcium, chromium, cobalt, cyanide, 
iron, lead, magnesium, manganese, selenium, sodium, and vanadium. Three of the 
analytes, arsenic, iron, andmanganese, were detectedat concentrations exceeding 
the residential land-use ARAR values. However, all of the values were less than 
the industrial land-use ARAR values. 

3.3.1.2 Subsurface Soil Analytical Results The 14 subsurface soil samples were 
collected from 7 soil borings between May 20 and 21, 1996, during the RI Phase 
IIB sampling. All subsurface soil samples were analyzed for TCL VOCs, SVOCs, 
pesticides, PCBs, TAL inorganic analytes, total organic carbon (TOC), and grain 
size distribution. 

The background soil borings were located invarious USSC designated surface soil 
types so that variations in the facility soils would be accounted for. Four of 
seven soil borings were completed in the Troup loamy sand soil type, one soil 
boring in the Lakeland sand soil type, and two soil borings in the Dothan/Lucy/- 
Bonifay soil types. The location of the soil borings are shown on Figure 3-10. 

Six of the seven background soil borings were completed at locations where 
background surface soil samples were also collected. Soil boring location 
BKBOO7XX (Subsurface soil samples BKBOO701 and BKB00702) did not have a 
corresponding background surface soil sample. 

A subsurface soil sample was collected from 5 to 7 feet bls and from 10 to 12 
feet bls at each soil boring location. The subsurface soil sample collection 
depths were determined to represent depths generally associated with the likely 
maximum depth of excavations or construction activities. Because.,the purpose of 
the background subsurface soil samples is to evaluate excavation and construction 
activities, the analytes detected will be compared against industrial land-use 
ARARs including USEPA Region III RBCs and Florida soil cleanup goals (FDEP, 
1996). In addition, given that subsurface soil samples collected from depths of 
5 to 7 and 10 to 12 feet bls are less effected by the surface soil type, all of 
the subsurface soil will be combined into a single data set for comparison to 
US. 

Tables 3-15 through 3-17 provide summaries of detected analyte concentrations and 
the list of all chemical analyte groups for which laboratory analyses were 
conducted on the background subsurface soil samples. Table 3-18 provides basic 
statistical' parameters of detected analyte concentrations in background 
subsurface soil samples, including the frequency of detection, range of detected 
concentrations, mean of detected concentrations, standard deviation and 
applicable ARARs. The following paragraphs describe the subsurface soil chemical 
analyses results grouped by USDA soil types; however, all of the samples will be 
combined into a single data set for comparison to ARARs. 

Troup Loamy Sand. Subsurface soil sample locations from the Troup loamy sand 
soil type are presented on Figure 3-10. Table 3-15 summarizes the analytical 
results for the Troup loamy sand subsurface soil samples. 

No TCL VOC, SVOC, pesticide, or PCB compounds were detected in the subsurface 
soil samples from the Troup loamy sand. Seventeen TAL inorganic analytes were 
detected in the Troup loamy sand subsurface soil samples, including aluminum, - 
arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, 

WHT-RIFS.GIR 
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Table 3-15 
Analytes Detected in Background Subsurface Soil Samples, Troup Loamy Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

- 
Sample Location: Background Background Background Background Background 

Sample Identifier: BKB00201 BKB00202 BKB00301 BKB00302 BKB00401 

Collect Date: 20-MAY-96 20-MAY-96 21-MAY-96 21-MAY-96 20-MAY-96 

Sample Depth (feet): 5 to 7 10 to 12 5 to 7 10 to 12 5 to 7 

Laboratory Sample No.: RB583096 RB583007 RB583011 RB583012 RB583003 
- 

TCL Volatile Organic Compounds (pglkg) 

None detected 

TCL Semivolatile Organic Compounds (pglkg) 

None detected 

TCL Pesticides and Polvchlorinated BiDhen+ (pg/kg) 

None detected 

TAL (Total) lnorganics (mglkg) 

Aluminum 16,600 19,800 14,800 11,300 3,600 

Arsenic 4.4 2.3 1.7 J 5.6 0.54 J 

Barium 11.5 J 7.3 J 10.2 J 3.8 J 7.2 J 

Beryllium 0.14 J 0.13 J 0.14 J 0.1 J 

Cadmium 0.35 J 0.39 J 0.34 J 0.36 J 

Calcium 282 J 223J 198 J 194 J 194 J 

Chromium 11.4 12.8 10.6 10.9 3.2 

Cobalt 0.73 J 0.82 J 0.71 J __ 0.77 J 

Copper 4.5 J 5.7 5J 2.9 J 1.8 J 

Iron 8,940 9,870 8,170 9,870 2,220 

Lead 4.9 3.8 3 4.2 __ 

Magnesium 145J 145J 197 J 70.7 J 114J 

Manganese 26.9 19.6 27.6 15.2 19.5 

Nickel 2J 2.8 J -_ 1.5 J 
Potassium __ __ 98.8 J __ 84.5 J 

Vanadium 21.8 26.3 19.8 24.3 4.9 J 
Total Organic Carbon (mglkg) 

Total organic carbon NA 2,240 NA 531 NA 
Zinc 6.8 -- __ 

ca.3 nn+ar r, .-...A -6 L.L.I^ 
- 
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Table 3-15 (Continued) 
Analytes Detected in Background Subsurface Soil Samples, Troup Loamy Sand 

Remedial investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: Background 

Sample Identifier: BKB00401 D 

Collect Date: 20-MAY-96 

Sample Depth (feet): 5 to 7 

Laboratory Sample No.: FIB583004 

TCL Volatile Organic Compounds &g/kg) 

None detected 

Background Background 

BKB00402 BKB00601 

20-MAY-96 21-MAY-96 

10 to 12 5 to 7 

RB583005 RB583015 

Background 

BKB00602 

21 -MAY-96 

10 - 12 

RB583016 

Background 

BKBOOGOPD 

21-MAY-96 

10 - 12 

RB583017 

TCL Semivolatile Ornanic Compounds kg/kg) 

None detected 

TCL Pesticides and Polychlorinated Biphenyls @g/kg) 

None detected 

TAL (Total) lnorganics (mglkg) 

Aluminum 2,290 7,910 

Arsenic 0.79 J 1J 

Barium 6.4 J 7.7 J 

Beryllium 0.07 J 

Cadmium __ 

Calcium 203 J 216 J 

Chromium 2.4 5.7 

Cobalt 0.58 J -- 

Copper 1.7 J 5J 

Iron 1,660 4,170 

Lead 2.4 _- 

Magnesium 93 J 142 J 

Manganese 14.5 12.1 

Nickel -- 

Potassium __ _- 

Vanadium 3.4 J 11 J 

Zinc _- 8.4 

Total Organic Carbon (mglkg) 

Total organic carbon NA 379 

Notes: D in sample identifier = duplicate sample. 
TCL = target compound list. 
,ug/kg = micrograms per kilogram. 
TAL = target analyte list. 
mg/kg = milligrams per kilogram. 
J = the associated numerical value is an estimated quantity. 
__ = analyte, if present, was less than detection limit, 
NA = not analyzed. 

7,450 5,040 6,050 

1.1 J 1.1 J .95 J 

7.5 J 5.2 J 5.9 J 

0.13 J __ __ 

-- -- __ 

223J 210 J 195 J 

5 4.5 4.7 
-_ __ -_ 

2.8 J 2J 2.3 J 

5000 3,430 3,820 
-- __ -_ 

103J 97.6 J 111J 

16.8 9.5 11.1 J 

1.6 J __ 

-- __ _- 

12.5 10.3 J 11.3 
__ -_ __ 

NA 323 NA 
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Table 3-16 
Analytes Detected in Background Subsurface 

Soil Samples, Lakeland Sand 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Plorida 

Sample Location: Background Background 

Sample Identifier: BKBOOlOl BKBOO102 

Collect Date: 20-MAY-96 20-MAY-96 

Sample Depth (feet): 5 to 7 10 to 12 

aboratory Sample No.: RB583001 RB583002 

TCL Volatile Organic Compounds @g/kg) 

None detected 

TCL Semivolatile Organic Compounds (Irglkg) 

None detected 

TCL Pesticides and Polychlorinated Biphenvls @g/kg) 

None detected 

TAL (Total) lnorganics (mg/kgl 

Aluminum 3,890 18,400 

Arsenic 0.52 J 5.8 

Barium 5.7 J 3.8 J 

Cadmium _- 0.6 J 

Calcium 219 J 219 J 

Chromium 4.1 21.2 

Cobalt 0.49 J 

Copper 2.7 J 5.6 

Iron 2,180 15,200 

Lead __ 3.8 

Magnesium 147 J 80.3 J 

Manganese 16.1 20.2 

Potassium 82 J 

Selenium __ 0.15 J 

Silver -- 0.56 J 

Vanadium 5.2 J 38.2 

Total Organic Carbon (mglkg) 

Total organic carbon NA 815 

Notes: D in sample identifier = duplicate sample. 
TCL = target compound list. 
&kg = micrograms per kilogram. 
TAL = target analyte list. 
mg/kg = milligrams per kilogram. 
J = the associated numerical value is an estimated quantity. 
__ = analyte, if present, was less than detection limit. 
NA = not analyzed. 
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TCL Pesticides and Polvchlorinated Biphentis kg/kg) 

None detected 

TAL (Total) lnornanics (mglkg) 

Aluminum 14,500 37,300 

Antimony 2.2 J 

Arsenic 2.7 6.3 

I Barium 9.8 J 10.2 J 

I Beryllium 0.13 J 0.14 J 

I Cadmium 0.41 J 0.71 J 

I Calcium 220 J 222 J 

I Chromium 13.1 30 

I Cobalt 0.88 J 0.87 J 

I Copper 3.8 J 9.6 

I Iron 10,200 22,500 

I Lead 4 7.2 

I lJlagnesium 137J 211 J 

I Manganese 21.8 30.9 
I ,Vickel __ 4.9 J 

Potassium 11OJ 103J 

Vanadium 25.3 57.1 

Zinc __ 7.1 

Total Organic Carbon (mglkg) 

Total organic carbon NA 897 

Notes: TCL = target compound list. 
m/kg = micrograms per kilogram. 
TAL = target analyte list. 
mg/kg = milligrams per kilogram. 
-- = analyte, if present, was less than detection limit. 
J = the associated numerical value is an estimated quantity. 
NA = not analyzed. 

Table 3-17 
Analytes Detected in Background Subsurface Soil Samples, 

Dothan/Lucy/Bonifay Soil Types 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: Background Background Background 

Sample Identifier: BKB00501 BKB00502 BKB00701 

Collect Date: 21 -MAY-96 21-MAY-96 21-MAY-96 

Sample Depth (feet): 5 to 7 10 to 12 5 to 7 

Laboratory Sample No.: RB583013 RB583014 RB583018 

TCL Volatile Organic Compounds &g/kg) 

None detected 

Background 

BKB00702 

21-MAY-96 

10 to 12 

RB583019 

TCL Semivolatile Organic Compounds kg/kg) 

None detected 

13,100 21,300 

__ _- 

5.4 5.3 

5.4 J 15.8 J 

0.09 J 0.23 J 

0.48 J 0.52 J 

227 J 260 J 

11 15.8 

-_ 0.72 J 

3.7 J 6.8 

12,000 13,100 

4.5 4.8 

76.8 J 242 J 

23.7 39.4 

1.6 J 3.8 J 

_- _- 

27.6 30.8 

__ 8.9 

NA 234 

f---Y 

.A--% 
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Table 3-16 
Statistical Summary of Analytes Detected in 

Background Subsurface Soil Samples 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Frequency Range of Background USEPA Region 
Soil Cleanup 
Goals Flori- 

Analyte of Detected Analyte 
Mean Analyte 

Screening Ill RBCs’ 
Detection’ Concentrations* 

Concentration3 
Value’ (Industrial) 

da” 
(Industrial) 

TAL Inorganic Compounds (mglkg) 

Aluminum 14114 2,950* to 37,300 13,917 27,834 ‘100,000 

Antimony l/14 2.2 2.2 4.4 ‘82 220 

Arsenic 14114 0.52 to 6.3 3.1 6.2 ‘3.8 93.7 

Barium 14114 3.8 to 15.8 7.9 15.8 ‘14,000 84,000 

Beryllium 10/14 0.07 to 0.23 0.13 0.26 El .3 1 .o 

Cadmium 9114 0.34 to 0.71 0.46 0.92 ‘100 600 

Calcium 14114 194 to 282 222 444 _- 

Chromium 14/14 2.4 to 30.0 11.4 22.8 ‘,‘Ol,OOO ‘O430 

Cobalt 8/14 0.49 to 0.88 0.74 1.48 ‘12,000 110,000 

Copper 14/14 1.7 to 9.6 4.4 8.8 ‘8.200 “72,000 

Iron 14/14 1,660 to 22,500 9,055 18,110 ‘61,000 

Lead 10/14 2.4 to 7.2 4.2 8.4 ‘2400 1,000 

Magnesium 14114 70.7 to 242 136 272 -_ -. 

Manganese 14114 9.5 to 39.4 21.3 42.6 74,700 5,5001 

Nickel 7114 1.5 to 4.9 2.5 5.0 ‘4,100 26,000 

Potassium 5/14 82 to 110 90.5 181 __ -.. 

Selenium l/14 0.15 0.15 0.30 ‘1,000 9,900 

Silver l/14 0.56 0.56 1.12 ‘1,000 9,000 

Vanadium 14114 3.4 to 57.1 22.5 45 ‘1,400 4,800 

Zinc 4114 6.8 to 8.9 7.8 15.6 ‘61,000 560,000 

Total Organic Carbon (ma/k& 

Total organic 7/7 234 to 2,240 769 1,538 
carbon 

See notes at end of table. 
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Table 3-18 (Continued) 
Statistical Summary of Analytes Detected in 

Background Subsurface Soil Samples 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

’ Frequency of detection is the number of samples in which the analyte was detected divided by the total number of 
samples analyzed (excluding rejected values). 
2 Value indicated by an asterisk is the average of the sample and its duplicate. If the target analyte was not detected in 
either the environmental sample or associated duplicate, the value used for the nondetection is one-half the reporting limit. 
3 The mean of detected concentrations is the arithmetic mean of all environmental samples in which the analyte was 
detected; it includes a single value for an environmental sample and associated duplicate. The arithmetic mean does not 
include those environmental samples in which the analyte was not detected. 
4 The background screening value for inorganics is two times the mean detected concentration and will be used for 
screening purposes in the risk assessment. 
5 Source: Memorandum dated March 7, 1995, from Roy L. Smith, Technical Support Section, USEPA Region II, to RBC 
Table Mailing List. Subject: Risk-Based Concentrations Table. 
6 Source: Memorandum dated September 29, 1995, from John M. Ruddell, Director, Division of Waste Management to 
District Directors, Waste Program. Subject: Soil Cleanup Goals for Florida. 
’ The calculated values correspond to a noncancer lazard quotient of 0.1. 
* The values correspond to a human cancer risk level of 1 in 1,000,000. 
’ Source: Updated Memorandum dated January 19, 1996, from John M. Ruddell, Director, Division of Waste Management 
to District Directors, Waste Program. Subject: Applicability of Soil Cleanup Goals for Florida. 
” The value is based on the hexavalent form of chromium. 
” Source: Memorandum dated April 5, 1995, from Ligia Mora-Applegate, Technical Review Section, Bureau of Waste 
Cleanup to Tim Barr. Technical Review Section, Bureau of Waste Cleanup. Subject: Cleanup Goals for the Military Sites 
in Florida. 
‘* USEPA Office of Solid Waste and Emergency Response Directive No. 9355.4-12 revised interim recommended soil 
cleanup for CERCLA and RCRA sites. 

Notes: USEPA = US. Environmental Protection Agency. 
RBC - risk-based concentration. 
TAL = target analyte list. 
mg/kg = milligrams per kilogram. 
- = no criteria currently available. 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act. 
RCRA = Resource Conservation and Recovery Act. 
* = average of a sample and its duplicate. 
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lead, magnesium, manganese, nickel, potassium, vanadium, and zinc. TOC 
concentrations in the Troup loamy sand samples, from the lo- to 12-foot (bls) 
depth interval, ranged from 323 to 2,240 mg/kg. 

Lakeland Sand. The subsurface soil sample location from the Lakeland sand soil 
type is presented on Figure 3-10. Table 3-16 is a summary of the analytical 
results for the Lakeland sand subsurface soil samples. 

No TCL VOC, SVOC, pesticide, or PCB compounds were detected in the subsurface 
soil samples from Lakeland sand. Sixteen TAL inorganic analytes were detected 
in the Lakeland sand subsurface soil samples, including aluminum, arsenic, 
barium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, 
manganese, potassium, selenium, silver, and vanadium. TOC concentration in the 
Lakeland sand sample, from the lo- to 12-foot (bls) depth interval, was 815 
w/kg. 

Dothan/Lucy/Bonifay Soil Types. Subsurface soil sample locations from the 
Dothan/Lucy/Bonifay soil types are presented on Figure 3-10. Table 3-17 
summarizes the analytical results for subsurface soil samples from the 
Dothan/Lucy/Bonifay soil types. 

No TCL VOC, SVOC, pesticide, or PCB compounds were detected in the subsurface 
soil samples from the Dothan/Lucy/Bonifay soil types. Eighteen TAL inorganic 
analytes were detected in the Dothan/Lucy/Bonifay subsurface soil samples, 
including aluminum, antimony, arsenic, barium, beryllium, cadmium, calcium, 
chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, 
vanadium, and zinc. TOC concentrations in the Dothan/Lucy/Bonifay samples, from 
the lo- to 12-foot (bls) depth interval, ranged from 234 to 897 mg/kg. 

Background Subsurface Soil Comparison with ARARs. Table 3-18 provides basic 
statistical parameters of detected analyte concentrations in background 
subsurface soil samples including the frequency of detection, range of detected 
concentrations, mean of detected concentrations, standard deviation and 
applicable ARARs. Individual concentrations of arsenic were the only analyte 
reported to exceed the ARAR screening value for industrial land use. The 
background screening value for the analyte also exceed the industrial land-use 
m. 

3.3.2 Surface Water and Sediment Sample Analytical Results Surface water and 
sediment samples were collected concurrently from Clear Creek and Big Coldwater 
Creek during two sampling events: RI Phase I and RI Phase IIA. Figure 3-11 shows 
the locations of the streams and the background sample stations. Both cree'ks are 
designated as Class III waters by the State of Florida. 

Upstream surface water and sediment samples were collected during each of the 
sampling phases in order to establish upgradient ambient conditions. Phase I 
sampling Station 3 (located on Clear Creek) and Station 10 (Located on Big 
Coldwater Creek) are representative of areas outside the influence of surface 
drainage from NAS Whiting Field and are appropriate background locations. 

During the Phase IIA sampling event the surface water/sediment sample collected 
from Station 1 (located on Clear Creek) was designated as a background sample. 
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However, the sample location is downgradient of NAS Whiting Field drainage ditch 
.p-w "E" which may receive flow from sites 1, 2, 17 and 18 (Figure 3-11). Therefore 

the sample will not be used for determination of ambient conditions. 

The surface water/sediment samples from RI Phase I sampling event were collected 
between December 5 and 7, 1990. The Phase IIA investigation was conducted in two 
separate events between July 12 and 16 and on August 19,1992. The samples were 
analyzed for TCL VOCs, SVOCs, pesticides, PCBs, and TAL inorganics. Field water 
quality measurements of pH, specific conductance, andwater temperature were also 
collected. 

The following paragraphs present the chemical analyses results of the background 
surface water and sediment samples collected from Clear Creek and Big Coldwater 
Creek. 

3.3.2.1 Surface Water Sample Analytical Results Background surface water sample 
locations from Clear Creek (Station 3) and Big Coldwater Creek (Station 10) are 
presented on Figure 3-11. Table 3-19 provides a summary of the detected analyte 
concentrations, field water quality parameters, and ARAR values for the surface 
water samples. The following paragraphs present the surface water chemical 
analyses results by streams, field water quality measurements, and a comparison 
of detected analyte concentrations with ARARs. 

Clear Creek. Surface water/sediment samples from Station 3 were collected 
. upstream from the confluence of the unnamed tributary with Clear Creek, 

approximately 75 feet downstream from the bridge over State Road 87 (Figure 
3-11). 

ifi 
Clear Creek at this sampling station was approximately 30 feet wide with 

water depth not exceeding 1.5 feet. Maximum stream flow velocity measured was 
2.6 feet per second (ft/sec). The stream channel bottom consisted of medium to 
coarse sand with small amounts of gravel and filamentous algae. 

Table 3-19 contains a summary of the analytical results for the Clear Creek 
surface water sample (STA3SWOl). No TCL VOC, SVOC, pesticide, or PCB compounds 
were detected in the background surface water sample from Clear Creek. Six TAL 
inorganic analytes were detected in the Clear Creek background surface water 
sample, including barium, calcium, iron, magnesium, manganese, and sodium. 

The detected concentrations in background surface water samples were compared to 
two ARARS : Federal (AWQC Freshwater Chronic) and Florida surface water quality 
standards (FSWQS; Class III freshwater) for Class III waters. None of the 
detected analytes exceeded the ARAR values. 

Big Coldwater Creek. Surface water/sediment samples from Station 10 were 
collected 1,000 feet upstream from the bridge over Big Coldwater Creek and State 
Road 191 (Figure 3-11). Big Coldwater Creek at this sampling station was 
approximately 110 feet wide with water depth not exceeding 3.65 feet. Ma.ximum 
stream flow velocity measured was 2.1 ft/sec. The stream channel bottom 
consisted of fine to medium sand. 

Table 3-19 summarizes the analytical results for the Big Coldwater Creek surface 
water sample (STAlOSWOl). No TCL VOC, SVOC, pesticide, or PCB compounds were 
detected in the background surface water sample from Big Coldwater Creek. Six 
TAL inorganic analytes were detected, including barium, calcium, iron, magnesium, 
manganese, and sodium. 

WHT-RIFS.GIR 
PMW.Ol.98 353 



Table 3-19 
Summary Results for Analytes in Background 

Surface Water Samples from Clear Creek and Big Coldwater Creek 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Identifier: 

Collect Date: 

Sample No. 

Station 3 Station 10 
(STA3SWOl) (STAlOSWOl) 

05-DEC-90 07-DEC-90 

STOBSW ST1 OSW 

AWQC Fresh- 
water Chronic 

FSWQS 
Class Ill 

Freshwater 

Florida 
Groundwater 

Guidance 
Concentrations 

TCL Volatile Organic Compounds bglll 

None detected 

TCL Semivolatile Organic Compounds @g/L) 

None detected 

TCL Pesticides and Polvchlorinated Biphenvls @g/l) 

None detected 

TAL (Total) Inorganic (mg/L) 

Barium 16.8 J 32 J 

Calcium 777 J 1,180 J 

Iron 614 214 

Magnesium 707 J 1,060 J 

Manganese 17.3 15.1 

Sodium 2,110 J 1,950 J 

Fidd Water Quality Parameters 

Temperature (“C) 12.5 12.5 

Specific conductance (umhos/cm) 18 20 

PH (SU) 4.5 5.2 

Notes: AWQC = Ambient Water Quality Criteria. 
FSWQS = florida Surface Water Quality Standard. 
TCL = target compound list. 
fig/O = micrograms per liter. 
TAL = target analy-te list. 
mg/O = milligrams per liter. 
J = the associated numerical value is an estimated quantity. 
NA = not applicable. 
(OC) = degrees Celsius. 
umhos/cm = micromhos per centimeter. 
SU = standard units. 

NA NA 2,000 

NA NA NA 

1,000 1,000 300 

NA NA NA 

NA NA 50 

NA NA 160,000 

6.5 to 8.5 
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The detected concentrations in background surface water samples were initially 

pi 
compared to two ARARs : Federal (AWQC Freshwater Chronic) and (FSWQS; Class III 
freshwater) for Class III waters. In addition, analytes for which FSWQC values 
were not available were compared to Florida groundwater guidance concentrations. 
None of the detected analytes exceeded the initial screening of surface water 
ARAR values. However, the reported pH values were outside the range established 
by the Florida groundwater guidance concentration. 

Field Water Qualitv Parameters. Field water quality measurements for both 
sampling stations are presented in Table 3-19. 

The temperature of the background surface water samples was 12.5 "C. Specific 
conductance of the surface water samples ranged from 18 to 20 micromhos per 
centimeter (pmho/cm). The pH of the surface water samples ranged from 4.5 to 5.2 
su. 

3.3.2.2 Sediment AnaLytical Results Background sediment sample locations from 
Clear Creek (Station 3) and Big Coldwater Creek (Station 10) are presented on 
Figure 3-11. Table 3-20 provides a summary of the detected analyte concentra- 
tions and the ARAR values. The following paragraphs present the sediment 
chemical analytical results and a comparison of detected analyte concentrations 
with ARARs. 

Clear Creek. The Clear Creek upgradient sediment samples were collected from 
Station 3, the same location as the upgradient surface water sample (Figure 
3-11). The stream channel sediment at this location consisted of medium to 
coarse sand with small amounts of gravel and filamentous algae. Table 3-20 
summarizes the analytical results for the Clear Creek sediment sample (Station 
3; STO3SD). 

Acetone was the only TCL VOC detected in the Clear Creek upgradient sediment 
sample. No TCL SVOC, pesticide, or PCB compounds were detected in the Clear 
Creek background sediment sample. Five TAL inorganic analytes, including 
aluminum, chromium, iron, lead, and vanadium, were detected in the upgradient 
background sediment sample. 

The analytical results of the sediment sample were compared to three ARARs: USEPA 
Region IV Sediment Screening Standard, National Oceanic and Atmospheric 
Administration ER-L sediment values (Long et al., 1995), and FDEP sediment 
quality assessment guidelines (McDonald, 1994). 

It should be noted that there is an uncertainty associated with the FDEP sediment 
quality assessment guidelines. The probable effect level (PEL) and threshold 
effect level (TEL) screening concentrations were developed for coastal waters 
(marine and estuarine), not a freshwater feature (McDonald, 1994). Therefore, 
the evaluation of sediment samples collected from a freshwater drainage system 
with these criteria may be inappropriate. 

Among the detected analytes, only chromium and lead have been assigned sediment 
screening standards of 52.3 mg/kg and 30.2 mg/kg, respectively, These standards 
were not exceeded by the detected concentrations in the background sediment 
sample (Table 3-20). 
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Table 3-20 
Summary Results for Analytes in Background 

Sediment Samples from Clear Creek and Big Coldwater Creek 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Identifier: 
Station 3 Station 10 

STA3SD(O-0.5)01 STAlOSD(O-0.5)01 Sediment 
NOAA State of Florida 

Collect Date: 07-DEC-90 08-DEC-90 
Screening 

Values’ 
ERL/ERM’ TEL/PEL3 

Sample No.: ST03SD ST1 OSD 

TCL Volatile Organic Compounds &g/kg) 

Acetone 140 __ NA NA/NA NA/NA 

Trichloroethene __ 1.9 J NA NA/NA NA/NA 

Benzene _- 2.3 J NA NA/NA NA/NA 

Toluene __ 2.4 J NA NA/NA NA/NA 

TCL Semivolatile Organic Compounds @g/kg) 

None detected 

TCL Pesticides and Polvchlorinated Biphenvls bglkg) 

None detected 

TAL (Total) Inorganic Compounds (mglkg) 

Aluminum 455 211 NA NA/NA NA/NA 

Chromium 2.7 -- 52.3 811370 52.31160 

Iron 1,100 612 NA NA/NA NA/NA 

Lead 3.0 _- 30.2 46.7/218 30.21112 

Manganese -- 5.7 NA NA/NA NA/NA 

Vanadium 2.7 J -- NA NA/NA NA/NA 

’ USEPA Region IV Waste Management Division for Superfund Ecological Risk Assessment, November 1995a. 
’ National Oceanic and Atmospheric Administration effects range low (El?-L) and effects range medium (ERM) sediment 
values (Long et al., 1995) ERL (10th percentile) represents lower threshold value, above which adverse effects in 
sensitive life stages and/or species have been documented. ERM (50th percentile) represents a second threshold value, 
above which adverse effects in most species are frequently or always observed. 
3 FDEP sediment quality assessment guidelines (McDonald, 1994). Probable effect level (PEL) defines the lower limit of 
the range of contaminant concentrations associated with adverse biological effects. Threshold effect level (TEL) defines 
the upper limit of the range of contaminant concentrations not considered to represent significant hazards to aquatic 
organisms. 

Notes: TCL = target compound list. 
pg/kg = micrograms per kilogram. 
__ = the analyte was not detected during laboratory analysis. 
NA = not available. 
J = the associated numerical value is an estimated quantity. 
TAL = target analyte list. 
mg/kg = milligrams per kilogram. 
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Big Goldwater Creek. The Big Goldwater Creek upgradient sediment sample was 
collected from Station 10, the same location as the upgradient surface water 
sample (Figure 3-11). The stream channel sediment at this location consisted 
of fine to medium sand. Table 3-20 summarizes of the analytical results for the 
Big Coldwater Creek sediment sample (Station 10; STlOSD). 

Three TCL VOCs, trichloroethene, benzene, and toluene, and three TAL inorganic 
analytes, aluminum, iron, and manganese, were detected the upstream sediment 
sample from Big Coldwater Creek . No TCL SVOC, pesticide, or PCB compounds were 
detected. 

The analytical results for the sediment samples were compared to the same three 
ARARs listed above. None of the detected concentrations exceeded the Sediment 
Screening ARARs (Table 3-20). 

3.3.3 Groundwater Sample Analytical Results A total of 10 background 
groundwater samples has been collected from the 7 background monitoring wells 
during the RI Phase IIA and the Phase IIB sampling events. Background monitoring 
well locations and a potentiometric map of the top of the sand-and-gravel aquifer 
are shown on Figure 3-12. Based on the figures, all background monitoring well 
locations, with the exception of monitoring well WHF-BKG-3, are hydraulically 
upgradient from all NAS Whiting Field RI sites. Although monitoring well WHF- 
BKG-3 is potentially located cross gradient from RI Site 17, it is not believed 
to be influenced by the site and will be used in the background evaluation. 

The three shallow monitoring wells (WHF-BKG-1, WHF-BKG-2, AND UHF-BKG-3) are 
screened across the water table of the sand-and-gravel aquifer with E-foot-long 

4 sections of screen. The depth of the screened interval varies from 65 to 121 
feet bls because the depth of the water table at these locations varies from 60 
to 118 feet bls. 

Four additional monitoring wells were installed as well clusters during the RI 
Phase IIB sampling program. These monitoring wells were installed to monitor 
intermediate and deep lithologic units in the sand-and-gravel aquifer. An 
intermediate well (completed 20 to 30 feet deeper than the associated shallow 
well) and a deep well (completed 60 feet deeper than the associated shallow Twell) 
were installed both at the WHF-BKG-1 location (WHF-BKG-11 and WHF-BKG-1D) and 
also at the WHF-BKG-2 location (WHF-BKG-21 and WHF-BKG-2D). Both the intermedi- 
ate and deep monitoring wells were completed with lo-foot sections of well 
screens. 

Groundwater samples were collected on October 14 and 15, 1993, from the ,three 
background shallowmonitoringwells (WHF-BKG-1, WHF-BKG-2, and WHF-BKG-3) during 
the RI Phase IIA sampling program. These samples were analyzed for TCL VOCs, 
SVOCs, pesticide/PCBs, and TAL inorganics. Field water quality measurements of 
temperature, pH, specific conductance, and turbidity were also collected during 
sampling. 

Groundwater samples were collected from all seven background monitoring wells 
between July 16 and July 30, 1996, during RI Phase IIB sampling program. These 
samples were analyzed for TCL VOCs, SVOCs, pesticide/PCBs, TAL inorganics, and 
general water chemistry parameters: alkalinity, chloride, hardness, ammonia 
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nitrogen, nitrate/nitrite nitrogen, total sulfide, sulfate, total Kjeldahl 
nitrogen (TKN), total phosphorus, total dissolved solids (TDS), and TOC. 

During the RI Phase IIB sampling, field water quality parameters of the 
groundwater samples were also measured, including temperature, pH, specific 
conductance, turbidity, dissolvedoxygen (DO), dissolved ferrous-iron, dissolved 
hydrogen sulfide, and reduction-oxidation (redox) potential. In additi'on in 
monitoring well samples where the turbidity exceeded 10 NTU, an additional 
filtered groundwater sample was collected to evaluate the effect of nondissolved 
inorganic constituents. This sample was analyzed for TAL inorganic analytes with 
the exception of cyanide. 

The following sections present the chemical analyses results of the background 
groundwater samples collected from NAS Whiting Field. Target analytes detected 
are presentedbased on the three general monitoring zones: shallow, intermediate, 
and deep. However, for the groundwater screening evaluation, all of the 
monitoring zones will be combined because there is not a continuous confining bed 
or aquitard. 

3.3.3.1 Shallow Monitoring Wells Three background groundwater samples were 
collected on October 14 and 15, 1993, from the three shallow monitoring -wells 
(WHF-BKG-1, WHF-BKG-2, and WHF-BKG-3) during the RI Phase IIA sampling program. 
Shallow monitoring well background locations are shown on Figure 3-12. Table 
3-21 provides summaries of detected analyte concentrations, groundwater quality 
parameters measured in the field, and the list of all chemical analyte groups for 
which laboratory analyses were conducted on the groundwater samples. 

,d"l Two TCL VOCs (benzene and toluene) and one pesticide compound (beta-benzene 
hexachloride) were detected in the background shallow groundwater samples. The 
organic compounds were only detected during the Phase IIA sampling event. No TCL 
SVOC or PCB compounds were detected in shallow background groundwater samples, 

Twenty TAL inorganic analytes, including aluminum, antimony, barium, beryl:Lium, 
calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, 
nickel, potassium, selenium, sodium, vanadium, zinc, and cyanide, were detected 
in the shallow background groundwater samples. A comparison between the l?hase 
IIA and Phase IIB sampling events indicates a general decrease in the inorganic 
analyte concentrations. 

The Phase IIB sampling event incorporated a low-flow groundwater sampling 
methodology in order to reduce the turbidity of the samples and collect samples 
more representative of the groundwater conditions. As indicated in Table 3-21 
the turbidity of the samples decreased between 101 and 534 percent between the 
two sampling events. The low turbidity samples are more r,epresentative ofi the 
groundwater conditions because inorganic analytes adsorbed to sediment particles 
are not released into solution when the sample is acidified for sample 
preservation. Because the low turbidity samples are more representative of 
groundwater conditions, only those values will be use in the background screening 
process. 

Table 3-21presents concentrations of detected general water chemistry parameters 
from the RI Phase IIB sampling event. Five of 11 water chemistry parameters were 
detected in the groundwater samples from the shallow monitoring wells including 
total nitrogen as nitrate plus nitrite, sulfate, and TDS, TKN, and TOC. 
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Table 3-21 
Summary Results for Analytes in Groundwater Samples from Shallow Background Monitoring Wells 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: WHF-BKG-1 S WHF-BKG-1 S 
WHF-BKG-1 S 

WHF-BKGaS WHF-BKG9S WHF-BKG-3S WHF-BKG9S 
(Duplicate Sample) 

Sample Identifier: WHFBKG-1 BKGOOlOl BKGOOlOlD WHFBKG2 BKG00201 WHFBKGB BKG00301 

Collect Date: 15OCT-93 16-JUL-96 16-JUL-96 14-OCT-93 17-JUL-96 14-OCT-93 23-JUL-96 

Laboratory Sample No.: 90175001 RB858003 RB858004 90174005 RB858009 90174004 RB887007 

TCL Volatile Organic Compounds (Irglll 

Benzene __ -- -- __ 4J __ 

Toluene -_ __ __ -- __ 13 __ 

TCL Semivolatile Organic Compounds @g/f1 

None detected 

TCL Pesticides and Polychlorinated Biphenvls @g/f 1 

beta-BHC -_ __ -- 0.02 J __ -- _- 

TAL (Total) Inorganic6 kg/f) 

Aluminum 47,100 -- -- 27,400 - 5,540 130J 

Antimony -- -- __ -_ __ _- 10.2 J 

Barium 94.2 J 15.6 J 15.6 J 60.4 J 139J 35.6 J 23.2 J 

Beryllium 2.5 J __ __ 2.1 J 0.53 J 0.75 J -- 

Calcium 3,440 J 536 J 558 J 2,470 J 2,840 J 1,150 J 470 J 

Chromium 148 __ __ 110 _- 1,050 36.5 

Cobalt 6.7J __ __ 9.4 J __ 14.9 J -_ 

Copper 51.9 __ __ 28.8 __ 20.6 J 1.6 J 

Iron 64,800 -- -_ 42,200 __ 13,100 315 

Lead 19.7 -- -_ 7.9 __ 3.2 __ 

Magnesium 1,070 J 499 J 521 J 2,520 J 3,680 J 794 J 691 J 

See notes at end of table. 



Table 3-21 (Continued) 
Summary Results for Analytes in Groundwater Samples from Shallow Background Monitoring Wells 

Remedial Investigation and Feasibility Study 
General information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: WHF-BKG-1 S WHF-BKG-1 S 
WHF-BKG-1 S 

(Duplicate Sample) 
WHF-BKGaS WHF-BKG9S WHF-BKG-3S WHF-BKG-3S 

Sample Identifier: WHFBKG-1 BKGOOl 01 BKGOOlOl D WHFBKGP BKG00201 WHFBKGB BKG00301 

Collect Date: 15OCT-93 16-JUL-96 16-JUL-96 14-OCT-93 17-JUL-96 14-OCT-93 23-JUL-96 

Laboratory Sample No.: 90175001 RB858003 RB858004 90174005 RB858009 90174004 RB887007 

TAL (Tot4 lnorganics kg/f 1 (Continued) 

Manganese 141 1.7 J 1.9 J 65.4 7.6 J 76.6 7.6 J 

Mercury 0.16 J -- __ __ -- __ -_ 

Nickel 20 J -- -_ __ _- 724 31.3 J 

Potassium 1,830 J -- -- 23,100 594 J 975 J 1,030 J 

Selenium -- 0.67 J -- 2J __ _- -- 

Sodium 1,240 J 1,080 J 1,080 J 5,260 2,400 J 2,110 J 2,580 J 

Vanadium 277 -- __ 176 -_ 49.7 J 2.1 J 

Zinc 148 .- __ 40.8 __ 21.1 -- 

Cyanide 2.1 J 3.8 J 6.5 J -- __ _- __ 

General Groundwater Chemistry (mglf) 

Nitrate-nitrite NA _- __ NA 0.15 NA 0.92 

Sulfate NA 0.2 0.21 NA 0.17 NA 0.2 

Total dissolved solids NA 19 __ NA __ NA 13 

Total Kjeldahl nitrogen NA _- __ NA -_ NA 0.3 

Total organic carbon NA _- -_ NA 8.7 NA __ 

Field Water Quality Parameters 

Temperature (“C) 23 28 NA 21 26 23 26 

sH (standard units) 4.86 5.02 NA 5.78 5.29 4.91 5.31 

Specific conductance 17 23 NA 73 29 30 35 
jumhosicmj 

Turbidity (NTU) 304 3 NA 3,208 6 348 10 

See notes on following page. 



Table 3-21 (Continued) 
Summary Results for Analytes in Groundwater Samples from Shallow Background Monitoring Wells 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

mple Location: WHF-BKG-1 S WHF-BKG-1 S 
WHF-BKG-1 S 

WHF-BKG-2S WHF-BKG-2S WHF-BKG-3S 
(Duplicate Sample) 

WHF-BKG9S 

mple Identifier: I WHFBKG-1 BKGOolOl BKGOOlOl D WHFBKG2 BKG00201 WHFBKGB BKG00301 

llect Date: 15-OCT-93 16-JUL-96 16-JUL-96 14-OCT-93 17-JUL-96 14-OCT-93 23JUL-96 

soratory Sample No.: 90175001 RB858003 RB858004 90174005 RB858009 90174004 RB887007 

Id Water Quality Parameters (Continued) 

duction-oxidation potential NA 329 NA NA 329 NA NA 
illivolts) 

solved oxygen (mg/o) NA 9.6 NA NA 10.2 NA NA 

solved ferrous-iron (mg/o) NA 0.00 NA NA 0.01 NA NA 

solved hydrogen sulfide (mg/e) NA 0.0 NA NA 0.0 NA NA 

tes: TCL = target compound list. 
pg/P = micrograms per liter. 
__ = analyte not detected. 
J = estimated value. 
BHC = benzene hexachloride. 
TAL = target analyte list. 
mg/! = milligrams per liter. 
NA = not analyzed. 
OC = degrees Celsius. 
pH = hydrogen ion concentration. 
pmhos/cm = micromhos per centimeter. 



3.3.3.2 Intermediate Monitoring Wells Intermediate monitoring well background 
locations are shown on Figure 3-12. The two intermediate zone monitoring wells 
(WHF-BKG-11 and WHF-BKG-21) were installed and sampled during the RI Phase IIB 
sampling event (July 16 and 17, 1996). Table 3-22 provides summaries of detected 
analyte concentrations, groundwater quality parameters measured in the field, and 
the list of all chemical analyte groups for which laboratory analyses: were 
conducted on the groundwater samples. 

No VOC, SVOC, pesticide or PCB compounds were detected in the intermediate 
background groundwater samples. 

Fourteen TAL inorganic analytes excluding aluminum, barium, cadmium, calcium, 

chromium, copper, iron, magnesium, manganese, potassium, sodium, vanadium, zinc, 
and cyanide were detected in the background groundwater samples from intermediate 
monitoring wells. The low flow sampling methodology was used for sample 
collection. 

Four of 11 water chemistry parameters were detected in the groundwater samples 
from the intermediate monitoring wells including hardness as calcium carbonate 
(CaCQ), total nitrogen as nitrate plus nitrite, sulfate, and total dissolved 
solids. 

3.3.3.3 Deep Monitoring Wells Deep monitoring well locations are shown on 
Figure 3-12. The two deep zone monitoring wells (WHF-BKG-1D and WF-BKG-2D:) were 

- installed and sampled during the RI Phase IIB sampling event (July 16 and July 
30, 1996). Table 3-23 provides summaries of detected analyte concentrations, 
groundwater quality parameters measured in the field, and the list of all 
chemical analyte groups for which laboratory analyses were conducted on the 
groundwater samples. 

No TCL VOC, pesticide or PCB compounds were detected in the deep background 
groundwater samples. The TCL SVOC compound bis(2-ethylhexyl)phthalate was 
detected in the groundwater sample from monitoring well WHF-BKG-2D. 

Fifteen TAL inorganic analytes, including aluminum, barium, beryllium, calcium, 
chromium, copper, iron, magnesium, manganese, nickel, potassium, sodium, 
vanadium, zinc, and cyanide were detected in background groundwater samples from 
deep monitoring wells. The low-flow sampling methodology was used for sample 
collection. 

Four of 11 water chemistry parameters were detected in the groundwater samples 
from the deep monitoring wells, including hardness as CaCO,, total nitrogen as 
nitrate plus nitrite, sulfate, and TDS. 

Background Groundwater Comparison with ARARs. Table 3-24 provides basic 
statistical parameters of detected analyte concentrations in background 
groundwater samples including the frequency of detection, range, mean and 
screening value. Also presented in the table are the applicable ARARs for 
groundwater samples at NAS Whiting Field. The mean analyte concentrations in 
background groundwater samples were compared to Federal and State of Florida 
ARARs, including Federal primary MCLs, the State of Florida primary and secondary 
drinking water standards, and the Florida groundwater guidance concentrations. 
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Table 3-22 
Summary Results for Analytes in Groundwater Samples from 

Intermediate Background Monitoring Wells 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: WHF-BKG-1 I 

Sample Identifier: BKGOO102 

Collect Date: 16-JUL-96 

Laboratory Sample No.: RB858005 

TCL Volatile Organic Compounds @g/J?) 

None detected 

TCL Semivolatile Organic Compounds &g/f 1 

None detected 

TCL Pesticides and Polychlorinated Biphenvls bg/L) 

None detected 

TAL (Total) lnoraanics @g/f 1 

Aluminum 420 

Barium 23.5 J 

Cadmium 2.2 J 

Calcium 2,650 J 

Chromium 4.7 J 

Copper 14.1 J 

Iron 484 

Magnesium 667J 

Manganese 57.2 

Potassium 418J 

Sodium 2,060 J 

Vanadium 1.3 J 

Zinc 268 

Cyanide -_ 

General Groundwater Chemistrv (mglf 1 

Hardness as CaCO, 

Nitrate-nitrite 0.53 

Sulfate 0.14 

Total dissolved solids 19 

See notes at end of table. 

WHF-BKG-1 I 
(Filtered Sample) 

BKGOO102F 

16-JUL-96 

RB858006 

NA 

NA 

NA 

__ 

14.9 J 

3,310 J 

__ 

2.4 J 

__ 

512 J 

117 

394 J 

1,310 J 

-- 

__ 

NA 

NA 

NA 

NA 

NA 

WHF-BKG-21 

BKGOO202 

17-JUL-96 

RB858008 

8.9 J 

__ 

721 J 

__ 

__ 

3.4 J 

1,560 J 

2,160 J 

__ 

__ 

1.9J 

24 

4.48 

_- 

38 
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Table 3-22 (Continued) 
Summary Results for Analytes in Groundwater Samples from 

Intermediate Background Monitoring Wells 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida /. 

I Sample Location: 
I 

WHF-BKG-1 I 
WHF-BKG-1 I 

(Filtered Sample) I 
WHF-BKG-21 

Sample Identifier: BKGO0102 BKGOOlO2F BKGO0202 

Collect Date: 16-JUL-96 16-JUL-96 17-JUL-96 

Laboratory Sample No.: RB858005 RB858006 RB858008 

Field Water Quality Parameters 

Temperature (“C) 29 NA 23 

pH (standard units) 5.60 NA 4.73 

Specific conductance (umhos/cm) 38 NA 79 

Turbidity (NTU) 25 NA 5 

Reduction-oxidation potential 302 NA 362 
(millivolts) 

Dissolved oxygen (mg/e) 8.9 NA 9.6 

Dissolved ferrous-iron (mg/P) 0.00 NA 0.00 

Dissolved hydrogen sulfide (mg/o) 0.0 NA 0.0 
i 

Notes: TCL = target compound list. 
m/P = micrograms per liter. 
NA = not analyzed. 
- = analyte not detected. 
TAL = target analyte list. 
J = estimated value. 
mg/l = milligrams per liter. 
CaCq = calcium carbonate. 
(“‘2) = degrees Celsius. 
pH = hydrogen ion concentration. 
umhos/cm = micromhos per centimeter. 
NTU = nephelometric turbidity units. 
F in sample identifier = filtered sample. 
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Table 3-23 
Summary Results for Analytes in Groundwater Samples from Deep 

Background Monitoring Wells 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Rorida 

Sample Location: WHF-BKG-1 D WHF-BKG-2D 

Sample Identifier: BKGO0103 BKG00203 

Collect Date: 16-JUL-96 30&L-96 

Laboratory Sample No.: RB858007 RB920004 

TCL Volatile Organic Compounds @g/L) 

None detected 

TCL Semivolatile Organic Compounds @g/f 1 

bis(BEthylhexyl) phthalate __ 4J 

TCL Pesticides and Polvchlorinated Biphenvls @g/f 1 

None detected 

TAL (Total) inorganics b&L) 

Aluminum 431 

Barium 31.3 J 12.5 J 

Beryllium 0.4 J -_ 

Calcium 2,170 J 2,210 J 

Chromium -_ 3.8 J 

Copper 2.2 J 3.5 J 

Iron 157 972 

Magnesium 1,230 J 499 J 

Manganese 34.1 37.9 

Nickel __ 11.5 J 

Potassium 562 J 418 J 

Sodium 2,720 J 3,700 J 

Vanadium _- 2.2 J 

Zinc 25.1 7.7 J 

Cyanide -_ __ 

General Groundwater Chemistrv (ma/f) 

Hardness as CaCO, 12 -- 

Nitrate-nitrite 1.93 1.18 

Sulfate 0.19 0.25 

Total dissolved solids 19 52 

See notes at end of table. 

WHF-BKG-ED 
(Filtered Sample) 

BKG00203F 

30-JUL-96 

RB920006 

NA 

NA 

NA 

183J 

11 J 

__ 

2,480 J 

-- 

1.2 J 

465 

465 J 

33.7 

-- 

319 J 

3,620 J 

1.4 J 

5.4 J 

NA 

NA 

NA 

NA 

NA 

fl 4 

,----l 
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Table 3-23 (Continued) 
Summary Results for Analytes in Groundwater Samples from Deep 

Background Monitoring Wells 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Location: WHF-BKG-1 D WHF-BKGPD 

Sample Identifier: BKG00103 BKG00203 

Collect Date: 16-JUL-96 30-JUL-96 

Laboratory Sample No.: RB858007 RB920004 

Field Groundwater Quality Parameters 

Temperature (‘VZ) 26 23 

pH (standard units) ” 5.36 5.50 

Specific conductance (umhos/cm) 45 30 

Turbidity (NTU) 9 171 

Reduction-oxidation potential 208 325 
(millivolts) 

Dissolved oxygen (mg/P) 9.9 7.1 

Dissolved ferrous-iron (mg/e) 0.00 0.00 

WHF-BKG-2D 
(Filtered Sample) 

BKG00203F 

3O-JUL-96 

RB920006 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Dissolved hydrogen sulfide (mg/e) 0.0 

Notes: TCL = target compound list. 
L(9/P = micrograms per liter. 
NA = not analyzed. 
-. = analyte not detected. 
J = estimated value. 
TAL = target anaiyte list. 
mg/P = milligrams per liter. 
CaCO, = calcium carbonate. 
“C = degrees Celsius. 
pH = hydrogen ion concentration, 
umhos/cm = micromhos per centimeter. 
NTU = nephelometric turbidity unit. 

0.0 NA 
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Table 3-24 
Basic Statistical Summary and ARARs for Analytes Detected in Background Groundwater Samples 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Frequency Range of Background Florida Groundwater 

Analyte of Detected Analyte 
Mean Analyte 

Screening 
Federal Guidance 

Detection’ Concentration2 
Concentration 

Values3 
MCLs4 

Concentration5 Basis’ 

TCL Volatile Organic Compounds ball) 

Benzene l/10 4 to 4 4.0 NA 5 1 P 

Toluene l/10 13 to 13 13.0 NA 1,000 1,000/40 p/s 

TCL Pesticides and PCBs @g/f) 
Gamma-BHC l/10 0.02 0.02 NA NA 0.1 C 

TAL lnorganics @g/f 1 
Aluminum 317 130 to 431 327 654 200 200 S 

Antimony f/7 10.2 10.2 20.4 6 6 P 

Barium 717 8.9 to 139 36.3 72.6 2,000 2,000 P 

Beryllium 217 0.4 to 0.53 0.29 0.58 4 4 P 

Cadmium 117 2.2 2.2 4.4 5 5 P 

Calcium 717 470 to 2,840 1,658 3,316 NA NA 

Chromium 317 3.8 to 36.5 15 30 100 100 P 

Copper 417 1.6 to 14.1 5.35 10.7 ‘100 1,000 S 

Iron 417 157 to 972 482 964 *300 300 S 

Magnesium 617 510 to 3,680 1,213 2,426 NA NA 

Manganese 717 1.8 to 57.2 21.4 42.8 *50 50 S 

Nickel 2/7 11.5 to 731.1 21.4 42.8 100 100 P 

Potassium 617 418 to 1,560 764 1,528 NA NA 

Selenium 117 0.49” 0.49 0.98 50 50 P 

Sodium 717 1,080 to 3,700 2,386 4,772 ‘NA 160,000 P 

Vanadium 317 1.3 to 2.2 1.91 3.8 NA 49 T 

Zinc 317 7.7 to 268 100 200 85,000 5,000 S 

Cyanide 217 1.9 to 5.15 3.5 7 200 200 P 

See notes at end of table. 



Table 3-24 (Continued) 
Basic Statistical Summary and ARARs for Analytes Detected in Background Groundwater Samples 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

’ Frequency of detection is the fraction of total samples analyzed in which the analyte was detected. 
* Value indicated by an asterisk is the average of the sample and its duplicate. If the target analyte was not detected in either the 
environmental sample or associated duplicate, the value used for the nondetection is one-half the reporting limit. 
3 Background screening values for organic compounds are the arithmetic mean concentrations; for inorganic analytes it is two times the 
arithmetic mean concentrations. The latter values are used for analyte screening in risk assessment. 
4 Federal MCLs are maximum permissible concentrations of contaminants in water that is delivered to a user by a public water system. 
’ Source: Groundwater Guidance Concentrations, Florida Department of Environmental Protection, June 1994. 
’ The concentrations are based on a number of enforceable and nonenforceable State of Florida regulations: 

P = primary drinking water standards based on F.A.C. Rule 17-550.310, .320, 
S = secondary drinking water standards based on F.A.C. Rule 17-550.310, .320, 
C = carcinogens based on F.A.C. Rule 17520.400 (1) (b), and 
T = systemic toxicants based on F.A.C. Rule 17-520.400 (1) (d). 

’ Treatment technique requirement for drinking water distribution system. 
* secondary MCL. 
’ No MCL has been determined for sodium but a reporting limit of 20,000 pg/O has been established. 

Notes: ARARs = applicable or relevant and appropriate requirements. 
MCL = maximum contaminant level. 
M/L = micrograms per liter. 
NA = no applicable standard currently exists. 
PC6 = polychlorinated biphenyl. 
BHC = benzene hexachloride. 
TAL = target analyte list. 
* = average of a sample and its duplicate. 
TCL = target compound list. 



Benzene was the only organic compound detected at a concentration exceeding 
groundwater ARARs. The detected concentration (4 pg/R) exceeded the Florida 
groundwater guidance concentration of 1 pg/R. 

Individual concentrations of five of the inorganic analytes including aluminum, 
antimony, iron, manganese, and nickel exceeded the Federal and State groundwater 
AMRS . Background screening values for three of compounds (aluminum, antimony, 
and iron) also exceeded the Federal and State ARARs. 

Filtered Groundwater Samples. Two filtered samples for TAL inorganic (metals 
only) analytes were collected from monitoring wells WHF-BKG-11 and WHF-BKG-2D 
during RI Phase IIB because TAL metals sample turbidities exceeded 10 NTU. 
Tables 3-21 and 3-22 contain summaries of filtered sample concentrations (sample 
identifiers BKG00203F and BKGOO102F). 

Comparison of the detected analytical results between the filtered samples and 
the corresponding unfiltered samples indicate that, in general, fewer analytes 
have been detected in the filtered samples. In addition, analyte concentrations 
in the filtered samples are lower than the corresponding concentrations in the 
unfiltered samples by an average of 30 percent. 

Field Water Quality Parameters. A summary of the water quality parameters of the 
groundwater samples measured in the field during RI Phase TIB sampling are 
presented in Table 3-21 through 3-23. 

The pH measured in the background groundwater samples ranged from 4.73 to 5.60 
SU which is in the acid range. The measured pH values exceed the State secondary 
MCL of 6.5 to 9.5 SU. Temperature of the background groundwater samples ranged 
from 23 to 29 "C. Specific conductance of the background groundwater samples 
ranged from 23 to 79 /Lmhos/cm. Background groundwater turbidity ranged from 3 
to 171 NTU. All RI Phase IIA and most of RI Phase IIB groundwater sample 
turbidity measurements exceeded the State of Florida public water supply 
treatment technique criterion of 5 NTU. Redox potential ranged from 208 to 362 
millivolts, and DO concentrations ranged from 7.1 to 10.2 milligrams per liter. 
Dissolved ferrous-iron was detected only in the sample from WHF-BKG-2S, whereas 
dissolved hydrogen sulfide was not detected in background groundwater samples. 

3.3.4 Quality Assurance A summary of the type of sample, number of samples 
(including field duplicates), and type of laboratory analyses conducted during 
the background investigations is provided in Table 3-25. The number of field 
quality control samples is summarized in Table 3-26. The TAL/TCL validated 
analytical results for the environmental and associated duplicate samples are 
presented in Appendix F. 

The NEESA Level C and D laboratory data produced from RI Phase I surface 
water/sediment sampling were reviewed and validated by ABB-ES, Tallahassee, 
analyze a performance sample. Level E data, which included water chemistry and 
nutrient parameters, were reviewed but not validated. Field instrument data, 
which are NEESA Level A and B, were also reviewed but not validated. 

Data validation is the technical review of data quality using criteria 
established in the DQOs and QAPP. The data were reviewed and validated using 
NEESA (1988) guidance document 20.2-047B, Sampling and Chemical Analysis Quality 
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Table 3-25 
Summary of Sample Matrix and Analytical Procedures 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Matrix Type 

Analytical Procedure 
Soil 

Surface 
Water 

Sediment Groundwater 

TCL volatile organic compounds (CLP methods) 22 2 2 11 

CLP polynuclear aromatic hydrocarbons 11 NA NA NA 

TCL semivolatile organic compounds (CLP methods) 22 2 2 11 

TCL pesticides and PCBs (CLP methods) 33 2 2 11 

TAL inorganics (CLP methods) 33 2 2 11 

Water quality parameters’ NA NA NA 7 

Total analyses 121 8 8 51 

’ Water quality parameters (multiple USEPA methods): 

Total dissolved solids 
Chloride 
Alkalinity 
Hardness 
Sulfate 
Sulfide 
Total Kjeldahl nitrogen 

Nitrate 
Nitrite 
Phosphorous 
Total organic carbon 
Ammonia nitrogen 

Notes: TCL = target compound list. 
CLP = Contract Laboratory Program. 
NA = analysis not performed. 
PCB = polychlorinated biphenyl. 
TAL = target analyte list. 
USEPA = U.S. Environmental Protection Agency. 
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Table 3-26 
Summary of Sample Matrix and Analytical Procedures 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample Matrix Type 

Analytical Procedure Trip Source 
Blank Blank 

Equipment 
Rinsate 
Blank 

TCL volatile organic compounds (CLP methods) 

CLP polynuclear aromatic hydrocarbons 

TCL semivolatile organic compounds (CLP methods) 

TCL pesticides and PCBs (CLP methods) 

TAL inorganics (CLP methods) 

Water quality parameters’ 

Total analyses 

’ Water quality parameters (multiple USEPA methods): 

15 4 9 

NA NA NA 

NA 4 9 

NA 4 9 

NA 4 9 

NA NA NA 

15 16 36 

Total dissolved solids 
Chloride 
Alkalinity 
Hardness 
Sulfate 
Sulfide 
Total Kjeldahl nitrogen 

Nitrate 
Nitrite 
Phosphorous 
Total organic carbon 
Ammonia nitrogen 

Notes: TCL = target compound list. 
CLP = Contact Laboratory Program. 
NA = analysis not performed. 
PCB = polychlorinated biphenyl. 
TAL = target analyte list. 
USEPA = U.S. Environmental Protection Agency. 
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Assurance Requirement for the Navy Installation Program, in conjunction with 
USEPA guidelines for the evaluation of Inorganic and Organic Analysis (USEPA, 
1988b, and 1991b). The data review and validation process is independent of the 
laboratory's quality control checks because it is impossible to repeat the 
laboratory's review, as not all the raw data are included in the Level 12 data 
packages. Level D data package deliverables, however, includes additional 
laboratory performance data such as chromatograms, mass spectra, and absorbance 
data. Samples that did not meet the acceptance limit criteria were qua'lified 
with a flag (single or double letter abbreviations that indicate nondetection of 
an analyte, a problem with precision or accuracy of reported analytical results, 
or inability to positively identify the presence and quantity of an analyte). 

Fully usable data are reported without qualifiers. Data qualified as estimated 
values are flagged with a "J", undetected or unquantified data are flagged with 
a "U" or "U-J" , and unusable or questionable data due to significant QA/QC 
variances are flagged with an "R". 

Once the data were reviewed and validated according to the guidance presented in 
NEESA 20.2-047B, the data were evaluated in terms of DQOs. DQOs are defined by 
the five quality criteria PARCCs in the RI/FS planning document (E.C. Jordan, 
1990). The PARCC parameters provide a statement of data quality and the 
confidence that a particular analyte may be absent, present, and useable in an 
environmental sample. All RI Phase I and Phase IIA PARCC evaluations were 
conducted by ABB-ES. All RI Phase IIB PARCC evaluations have been conducted by 
Laboratory Data Consultants, Inc. The following subsections provide a summary 
of the PARCC criteria evaluations for the background samples. 

Precision. Precision refers to the consistency of a result (analyte concentra- 
tion) under a given set of conditions. The criteria for precision were met for 
the NAS Whiting Field background samples for each environmental matrix (surface 
and subsurface soil, surface water, sediment, and groundwater). Some of the 
background analytical data were qualified based on precision criteria. 

Accuracy. Accuracy refers to the nearness of a result to its true value. The 
criteria for accuracy were met for each environmental matrix. Target acceptance 
ranges for the spike recoveries are included in the analytical method. If the 
spike recovery falls outside the acceptance windows, the environmental sample 
data would be biased high or low and would require qualification. The criteria 
for accuracy were met for the NAS Whiting Field background samples for each 
environmental matrix (surface and subsurface soil, surface water, sediment, and 
groundwater). Some of the background analytical data were qualifiedbased on the 
accuracy criteria. 

Representativeness. Representativeness is the degree to which results obtained 
from a sample collection activity accurately reflect site conditions. Target 
analytes should not be detected in the QC blanks. Detected compounds in the QC 
blank samples identify compounds that possibly have been introduced in the 
associated environmental samples during sample collection, transport, or 
analysis. The presence of target analytes in the QC blanks provides an estimate 
of bias to the environmental samples due to cross contamination in the field or 
laboratory. Acetone, 2-butanone, methylene chloride, toluene, and the phthalate 
esters have been identified as common laboratory contaminants and are frequently 
detected in blank samples. 
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Detected target analytes were reported by the laboratory and validated for the 
NAS Whiting Field background samples. The following is a description of target 
analytes detected in field and laboratory blank samples. 

Trip Blanks. Target compounds detected in the trip blank samples are presented 
in Table 3-27. Acetone and methylene chloride are attributed to laboratory 
contamination. The detection of target analytes in some of the trip blank 
samples resulted in some of the site-related sample analytical results being 
qualified. Based on assessment of trip blanks for representativeness, the 
analytical data were acceptable for each sample delivery group (SDG). 

Table 3-27 
Summary of Detected Target Analytes in Trip Blanks 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Surface Soil Subsurface Soil 

Acetone Acetone 

Methylene chloride Methylene chloride 

Surface Water/Sediment 
Groundwater 

Methylene chloride Acetone 

Source Blanks. Target compounds and analytes detected in the source (or field) 
blank samples are reported in Table 3-28. 

Target analytes detected in source blanks are all common laboratory contaminants 
except for phenol. Phenol may be associated with common cleaning agents used 
in areas where samples were stored. The inorganic analytes can be attributed to 
the water source or the water treatment system that was used to make the ASTM 
Type II water or they may be laboratory artifacts. Target analytes were detected 
in some of the source blanks, and some of the site-related sample analytical 
results were qualified as a result. Based on the assessment of source blanks for 
representativeness, the background analytical data were acceptable for each SDG. 

Equipment Rinsate Blanks. Target analytes detected in the equipment rinsate 
blank samples are presented in Table 3-29. The detected acetone, 2-butanone, 
methylene chloride, bis(2-ethylhexyl)phthalate, and di-n-butylphthalate results 
are attributed to laboratory contamination. Carbon disulfide and the inorganic 
analytes can be attributed to the water source or the water treatment system that 
was used to make the ASTM Type II water or they may be laboratory artifacts. 

Some of the site-related analytical results were qualified because of target 
inorganic analytes detected in the rinsate blank samples. 

Based on assessment of equipment rinsate blanks for representativeness, the 
analytical data for NAS Whiting Fieldbackground samples were acceptable for each 
SDG. 

Method and Preparation Blanks. Target analytes detected in the laboratory method 
and preparation blank samples are summarized in Table 3-30. All target organic 
compounds detected in the method and preparation blank samples are common 
laboratory blank contaminants. The inorganic analytes can be attributed to the -. 
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Table 3-28 
Summary of Detected Target Analytes in Source Blanks 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Surface Soil 
I 

Subsurface Soil 
I 

Surface Water/ 
Sediment I 

Groundwater 

Acetone 

Methylene chloride 

2-Butanone 

Di-n-butylphthalate 

Arsenic 

Barium 

Calcium 

Copper 

Iron 

Lead 

Sodium 

Zinc 

Acetone 

bis(2-Ethylhexyl)phthalate 

Di-n-butylphthalate 

Iron 

Sodium 

Zinc 

None analyzed Acetone 

Di-n-butylphthalate 

Phenol 

Sodium 
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Table 3-29 
Summary of Detected Target Analytes in Rinsate Blanks 

Surface Soil 

Carbon disulfide 

Methylene chloride 

Di-n-butylphthalate 

Aluminum 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Subsurface Soil Surface Water/Sediment Groundwater 

Acetone None detected bis(2-Ethylhexyl)phthalate 

bis(2-Ethylhexyl)phthalate Di-n-butylphthalate 

Di-n-butylphthalate 

Barium Iron Aluminum 

Arsenic Iron Calcium 

Barium Lead 

Calcium Sodium 

Iron 

Magnesium 

Chromium 

Copper 

Iron 

Lead 

Selenium 

Sodium 

Thallium 

Zinc 

Cyanide 

Zinc 

Cyanide 

Mercury 

Sodium 

Zinc 

I I----A 
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Table 3-30 
Summary of Detected Target Analytes in 

Method and Preparation Blanks 

Surface Soil 

Acetone 

Methylene chloride 

Di-n-butylphthalate 

Aluminum 

Arsenic 

Beryllium 

Calcium 

Cobalt 

Copper 

Iron 

Manganese 

Mercury 

Nickel 

Sodium 

Zinc 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

I Subsurface Soil Surface Water/Sediment Groundwater 

bis(2-Ethylhexyl)phthalate Methylene chloride Acetone 

Methylene chloride 

Di-n-octylphthalate 

Aluminum None detected Aluminum 

Barium Iron 

Calcium Lead 

Copper Sodium 

Iron Zinc 

Sodium 

Thallium 

Zinc 
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water source or the water treatment system that was used to produce the ASTM Type 
II water or they may be laboratory artifacts. Because target analytes were 
detected in some of the method blanks, some of the analytical results were 
qualified. However, based on assessment ofmethodblanks for representativeness, 
the analytical data were acceptable for each SDG. 

Comparability. Comparability of the NAS Whiting Field background data was 
assuredby using SOP for sample collection, by using standard chemical analytical 
methods, and by reporting the analytical results in SUs. 

Completeness. Less than 1 percent of the NAS Whiting Field background data were 
rejected. Ninety-nine percent of the background analytical data were useable; 
therefore, exceeding the DQO goal of 85 percent usable data. 

Based on the evaluation of PARCC criteria for the NAS Whiting Field background 
data, they are usable for site characterization, risk assessment, and corrective 
measures study. 

3.4 BIOLOGICAL FIELD INVESTIGATION FINDINGS. The NAS Whiting Field biological 
field investigations were completed to provide characterization and receptor data 
necessary for completion of the ecological risk assessment portion of the RI. 
The primary objectives of the biological investigation include 

. characterization of habitats, 

. identification of ecological receptors, and 

. collection of surface soil samples for toxicity testing. 

3.4.1 Ecological Setting One of the first steps of the ERA process is to 
characterize the existing ecological habitats and potential ecological receptors 
at the hazardous waste sites. The ecological setting of the sites at NAS Whiting 
Field was characterized based on information gathered from a biological field 
investigation conducted by ABB-ES ecologists in October 1995. 

Habitats present at NAS Whiting Field consist of upland, wetland, and aquatic 
communities. The term "upland" refers to land not considered to be a jurisdic- 
tional wetland by the State of Florida. The system for description of upland 
habitats is based on the Florida Natural Areas Inventory (FNAI) classification 
system (FNAI, 1990). It is important to note that the FNAI classification system 
describes undisturbed areas. Because much of the land owned by the installation 
has been altered due to drainage, construction, forest management, or farming 
activities, the FNAI classifications have been slightly modified to more 
appropriately describe the vegetative cover types occurring at each of the study 
areas. Wetlands are identified according to soil type, hydrology, and plant life 
sustained in the area. Wetlands are described according to the USFWS classifica- 
tion (Cowardin et al., 1979). 

There are very few undisturbed habitats at NAS Whiting Field. The industrial 
areas and airport runways are maintained grassy areas, and planting and 
harvesting of pine trees has also modified habitat conditions. The altered areas 
provide limited ecological wildlife habitat, and these areas may not represent 
the same diversity of ecological communities as the original habitat, Sites 3, 
4, 5, 6, 7, and 8, 29, 30, 32, 33, 35, 36, and 37 are located in the installa- 
tion's industrial areas. These areas provide limited ecological habitat for 

n 
1 
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plants and animals that have adapted to coexist in close proximity to human 
activities. Sites 1, 2, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 31, 38, and 39 
are located adjacent to the perimeter road and away from heavily traveled areas. 
These sites represent a variety of habitats in either a transition phase (.native 
communities reestablishing themselves) or as communities reaching their natural 
climax stage. 

The ecological habitats and potential receptors are described in the following 
sections. Each site is grouped into one of the following dominant habitat types: 
pine forest, old field, maintained field, wetland, or aquatic habitat. 
Paragraphs 3.4.1.1 through 3.4.1.5 describe the characteristics of each habitat, 
list the sites where each habitat was observed, and identify potential ecological 
receptors. Rare, endangered, and threatened species that may be present at NAS 
Whiting Field are described in Subsection 3.4.2. 

Figures 3-13 through 3-23 show the dominant ecological habitats at each site. 
This information is also summarized in Table 3-31. A complete list of all 
vegetative species observed at the NAS Whiting Field hazardous waste sites is 
provided in Appendix G. 

3.4.1.1 Planted Pine Flatwoods Sites 1, 9, 11, 13, 14, 15, and 16, are 
partially covered with planted pine flatwoods (Figures 3-13, and 3-16 through 
3-20). Some features of the planted pine flatwoods resemble upland pine forests, 
as defined by FNAI (1990), in that they are characterized by rolling hills 

- composed of sandy soils with varying percentages of clay (thus retaining soil 
moisture). 

The planted pine areas at NAS Whiting Field are somewhat variable, although the 
open canopy structure and management-use are generally similar. According to the 
forester for NAS Whiting Field, pines were first planted in 1966-67 primarily for 
erosion control and watershed management (personal communication with Mr. Mark 
Gibson, November 1997). In 1994, the management goals of the land were revised 
based on a Department of Defense Directive No. 4715.3 (U.S.DOD, 1996). The 
revised ecosystem management practices ensure the maintenance and improvement of 
the sustainability andbiological diversity of terrestrial and aquatic (including 
marine) ecosystems, while supporting sustainable economies, human use, and the 
environment required for realistic military training operations. As part of the 
ecosystemmanagementplan, planted pine forests undergo periodic burning, uslually 
once every 4 years, and selective thinning of longleaf and slash pines (Pinus 
palustris and P. elliotii) every 8 to 10 years. The succession of ground cover 
is governed primarily by the cycle of burning; the less recently burned areas are 
generally characterizedby increased occurrence of shrubs and immature hardwoods. 
The understory shrub and herbaceous layers range from sparse (i.e., few shrubs 
or herbaceous plants with pine-needles covering the forest floor) to dense. Soil 
moisture ranges from primarily dry to occasionally localized pooled areas (i.e., 
wet flatwoods). 

Only one spot application of pesticides has occurred since the pines were 
planted. Roundup was applied to selected pines for kudzu control in the early 
1990s. 

Saplings and shrubs commonly found in the planted pine areas include various oaks 
(Quercus sp.), yaupon holly (Ilex vomitoria), blueberry (Vaccinium sp.), 
gallberry (ILex coriacea), Chinese privet (Ligustrum sinense), cherry (Prunus 
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Site 11 
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X 

X 

X X 

X 

X 
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Site 15 X 
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Site 18 X 

Site 31A X 
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sp.), red maple (Acer rubrum), hickory (Carya sp.), red cedar (Juniperus 
virginiana), winged sumac (Rhus copallina), groundsel tree (Baccharis halimi- 
folia), and willow (Salix sp.). Species commonly found in the herbaceous strata 
of the planted pine habitat are highly variable and include several members of 
the aster, madder and pea families, morning glories, grape, yucca, Japanese 
honeysuckle, and several grasses. 

Ecological receptors expected to occur in the planted pine flatwoods primarily 
include terrestrial species (invertebrates, reptiles, amphibians, birds, and 
mammals). During the biological field investigation, a gopher tortoise and owl 
scat were observed at Site 16, a rabbit was observed at Site 14, and indirect 
observations of deer tracks were noted at Site 9. Bird species observed during 
the biological field investigation include the blue jay (Cyanocitta cristata), 
meadowlark (Sturnella magna), mourning dove (Zenaida macroura), Amercian crow 
(Corvus brachyrhynchos); and kestrel (Falco sparverius). Other typical animals 
that may be found in the planted pine flatwoods habitat include oak toad (Bufo 
gueercicus), little grass frog (Limnaoedus ocularis), black racer (Coluber 
constricor), brown-headed nuthatch (Sitta pusilla), pine warbler (Dendroica 
pinus), Bachman's sparrow (Aimophila aestivalis), cotton rat (Sigmondon 
hispidus), cotton mouse (Peromyscus gossypinus), eastern cottontail rabbit 
(Sylvilagus floridanus), gray squirrel (Sciurus carolinensis), fox squirrel 
(Sciurusniger) raccoon (Procyon lotor), gray fox (Urocyon cinereoargenteus), and 
white-tailed deer (Odocoileus virginianus). 

3.4.1.2 Maintained Field Parts of Sites 17, 18, and 31A through 31F are 
characterized by maintained fields. The regular mowing of these areas prevents 
ecological succession, but several herbaceous species were observed among the 
grasses. These include blackberries, rustweed, yellow wood sorrel, several 
asters and peas, plantain, yellow buttons, blue sage, Mexican clover, ageratum, 
moss verbena, greenbrier, pineweed, cudweed, prickly pear cactus, yaupon holly, 
and several species of oak seedlings. 

These mowed, predominantly grassy areas provide habitat for a limited number of 
invertebrates, small rodents, and birds; however, the occurrence of ecological 
receptors foraging in these areas is expected to be minimal due to the presence 
of buildings, human activity, and lack of adequate vegetative cover. During the 
biological field investigation, the scent of a skunk was noted at Site 31E, where 
the animal may have been seeking shelter in an abandoned gopher tortoise burrow. 
A potentially active gopher tortoise burrow was found at the same site, a few 
feet from the abandoned burrow. 

3.4.1.3 Old Field Community Old field communities are rural upland areas 
dominated by graminoids and other herbaceous plants, with scattered shrubs, and 
no arboreal canopy. At NAS Whiting Field, these habitats are best characterized 
as overgrown fields, unmaintained edges of roads and woodlands, and unpaved 
roads. Sites 1, 2, 10, 11, 12, 16, 17, and 31F are partially covered by old 
field communities. 

Commonly observed shrubs and saplings found in these disturbedupland communities 
include various oak, holly and blueberry species, willow, groundsel tree, beauty 
berry, persimmon, cherry, and privet. Herbaceous and graminoid species include 
broom sedge and other sedges, timothy grass, panic grass, goldenrod; golden- 
asters, ragweed, poke berry, bladder-pod, poison ivy, blackberry, verbena, rattle 
box, buttonweed, moss verbena, morning glory, dog fennel, burdock, buttermint, 

WHT-RIFS.GIR 
PMW.Ol.98 3-92 



camphorweed, smartweed, blazing star, greenbrier, morning glory, verbena, 
ageratum, agalinis, and others. 

The limited cover and proximity to human activity generally preclude use of these 
areas by large predatory animals. However, small mammals or birds may be found 
foraging at these sites. During the biological field investigation, scat from 
a fox or other canine species was observed at Site 12. 

3.4.1.4 Wetland Habitat Wetlands and other natural communities at NAS Whiting 
Field were delineated by the FNAI in conjunction with surveys of rare plants and 
vertebrates throughout the calendar year of 1996 and into early 1997 (Nature 
Conservancy/FNAI, 1997). Within the property boundary of NAS Whiting Field, only 
one high quality natural community was identified by the FNAI. As shown on 
Figure 3-24, wetland habitat classified as "floodplain swamp" occurs along the 
stream channel of Clear Creek approximately 1,000 meters southwest of the 
northern air field. Floodplain swamps occur on flooded soils along stream 
channels in low-lying areas. Dominant trees are usually buttressed hydrophytic 
trees such as cypress and tupelo, and the understory and ground cover are 
generally very sparse (FNAI, 1990). 

Floodplain swamps support a diverse array of animals including both temporary and 
permanent residents. During the habitat survey, beaver (Castor canadensis) dams 
were observed in the floodplain swamp habitat of Clear Creek. These impoundments 
caused flooding of the surrounding area. Other typical animals that may be found 
in this habitat include marbled salamander (Ambystoma opacum), mole salamander 
(Ambystoma talpoideum), amphiuma (Amphiuma means), Alabama waterdog (Necturus 
alabamensis), southern dusky salamander (Desmognathus auriculatus), two-lined 

If- salamander (Eurycea cirrigera), three-lined salamander (Eurycea longicauda 
guttolineata), dwarf salamander (Eurycea quadridigitata), slimy salamander 
(Plethodonglutinosus), rusty mud salamander (Pseudotriton montanus floridanus), 
southern toad (Bufo terrestris), cricket frog (Acris gryllus), southern leopard 
frog (Rana utricularia), alligator (Alligator mississippiensis), river tooter 
(Pseudemys concinna), stinkpot (Sternotherus odoratus), southeastern five-lined 
skink (Eumeces inexpectatus), broadhead skink (Eumeces laticeps), mud snake 
(Farancia abacura), rainbow snake (Farancia erytrogramma), redbelly water snake 
(Nerodia erythrogaster), brownwater snake (Nerodia taxispilota), glossy cra:yfish 
snake (Regina rigida), black swamp snake (Seminatrix pygaea), yellow-crowned 
night-heron (Nyctanassa violacea), wood duck (Aix sponsa), swallowtail kite 
(Elanoides forficatus), Mississippi kite (Ictinia mississippiensis), red- 
shouldered hawk (Buteo lineatus), woodcock (Scolopax minot), barred owl (Strix 
varia) , chimney swift (Chaetura pelagica), hairy woodpecker (Picoides villosus), 
pileated woodpecker (Dryocopus pileatus), Acadian flycatcher (Empidonax 
virescens), Carolina wren (Thryothorus ludovicianus), veery (Catharus fusce- 
scens), white-eyed vireo (Vireo griseus), red-eyed vireo (Vireo olivaaaaceus), 
parula warbler (Parula americana), prothonotary warbler (Protonotaria citrea), 
hoodedwarbler (Wilsonia citrina), Swainson's warbler (Limnothlypis swainsonii), 
cardinal (Cardinalis cardinalis), towhee (Pipilo erythrophthalmus), opossum 
(Didelphis virginiana), southeastern shrew (Sorex longirostris), short-tailed 
shrew (Blarina carolinensis), wood rat (Neotoma floridana), rice rat (Oryzomys 
palustris), cotton mouse, golden mouse (Peromyscus nuttali), raccoon (Prycyon 
lotor), and bobcat (Lynx rufus). 

3.4.1.5 Aquatic Habitat As previously discussed in Paragraph 1.4.6.1, NAS 
Whiting Field is located on a plateau that is bound by Clear Creek to the west 
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and south, and Big Coldwater Creek to the east. Both of these tributaries 
provide habitat for freshwater aquatic receptors (i.e., fish, amphibians, 
invertebrates, and plants). Site 39 is located adjacent to Clear Creek in the 
southwestern corner of the NAS Whiting Field property boundary. Because of the 
flat open nature of the airfield and the installation facilities, NAS Whiting 
Field is drained by an extensive storm sewer drainage system (Figure l-3). 
Drainage from the western portion of the facility is directed to Clear Creek, 
while drainage from the east is directed to Big Coldwater Creek. Both 
tributaries lead to the Blackwater River located to the south. Clear Creek and 
Big Goldwater Creek are classified by FDEP as Class III surface waters, which are 
suitable for recreation and the propagation of fish and aquatic life. The 
Blackwater River is classified as an Outstanding Florida River. The Outstanding 
Florida Water classification is considered to be of exceptional recreation and 
ecological significance. 

Sites 9, 16, and 17 contain ephemeral ponds. Because these ponds are dry most 
of the year, they do not provide suitable habitat for aquatic species and are not 
considered as functioning aquatic systems. The ponds may provide a source of 
drinking water for terrestrial animals including deer, foxes, and raccoons. 

3.4.2 Rare. Endangered, and Threatened Species Certain species that potentially 
reside on NAS Whiting Field are protected by Federal and/or State laws. The FAC 
(FDEP, 1994), in compliance with the Federal Endangered Species Act (50 Code of 
Federal Regulations [CFR] 17.11-12), defines protected species as presented 
below. 

. Endangered species are those that are so few or depleted in number or 
so restricted in range or habitat as to be in imminent danger (or may 
attain such status in the immediate future) of extinction or extirpa- 
tion. 

. Threatened species are those that are acutely vulnerable to environmen- 
tal alteration, or whose range of habitat is declining rapidly, thus 
leading to, or potentially leading to, rapid population decline. These 
species are likely to become endangered within the foreseeable future. 

. Species of special concern are those in need of special protection, 
recognition, or consideration because they are inherently vulnerable to 
habitat alteration, human disturbances, or human exploitation, which in 
turn may lead to their becoming threatened. 

The Florida Committee on Rare and Endangered Plants and Animals also designates 
a category of Rare to those species having a limited geographical distribution, 
species habitat requirements, or occurring at the periphery of their range. 

NAS Whiting Field was surveyed for the presence of rare, threatened, and 
endangered species in October 1990 (Environmental Protection Systems, 1991) and 
in1996-97 by The Nature Conservancy (Nature Conservancy/FNAI., 1997). All faNrest 
stands on the installation were examined for occurrences of all species on the 
Rare Plant List for Escambia and Santa Rosa counties, Florida. 

The following rare, threatened, and endangered species were discoveredwithinthe 
boundaries of NAS Whiting Field during the survey of this installation: spoon- 
leaf sundew (Dosera intermedia), Florida anise-tree (Illiciumfloridanum), white- 
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top pitcher plant (Sarracenia leucophylla), Coville's rush (Juncus gymnocarpus), 
primrose-flowered butterwort (Pinguicula primuliflora), rose pogonia (Pogonia 
ophioglossoides), gopher tortoise (Gopherus polyphemus), eastern diamondback 
rattlesnake (Crotalus adamanteus), Henslow's sparrow (Ammodramus henslowii), 
snowy egret (Egretta thula), great egret (Casmerodius albus), and little blue 
heron (Egretta caerulea). During the 1996-97 Nature Conservancy survey, 58 gopher 
tortoise burrows were observed at NAS Whiting Field. The largest subpopulation 
at NAS Whiting Field is estimated at only 25 to 30 tortoises. Further 
information on the gopher tortoise survey is presented in the Nature Conservancy 
report (Nature Conservancy/FNAI, 1997). The locations of the sightings of all 
rare, threatened, and endangered species observed at NAS Whiting Field are shown 
on Figure 3-24. 

Appendix H provides the status information for rare, endangered, and threatened 
species at NAS Whiting Field. Biological management of rare, threatened, and 
endangered species at NAS Whiting Field, including habitat use and requirement, 
habitat conditions, and limiting factors, are discussed in the Natural Resources 
Management Plan for the installation (U.S. Navy, 1991) and the Nature Conservancy 
report (Nature Conservancy/FNAI, 1997). 

3.4.3 Surface Soil Toxicity Testing During the biological field investigations, 
isolated areas of stressed vegetation were observed at Sites 1, 2, 9, 10, 14, 
31C, and in the pits at Sites 17 and 18. Samples were collected from each of the 
stressed vegetative areas and analyzed for selected chemical parameters. In 
addition, the toxicity of the surface soil to terrestrial plant,s and soil 
invertebrates was also measured. 

The assessment endpoint for terrestrial plants and soil invertebrates is 
survival, growth, and reproduction individuals from each of these communities. 
Toxicity testing of environmental media (soil, etc.) provides a direct 
measurement of the magnitude and type of adverse effects resulting from the 
exposure of a test species to site material. 

Three types of toxicity tests were performed at NAS Whiting Field: a 14-day 
earthworm (Eisenia foetida) survival rate, a 30-day earthworm (E.foetida) growth 
rate, and a 5-day lettuce (Lactuca sativa) seed gemination rate. The tests were 
performed in accordance with USEPA guidelines established in "Protocols for Short 
Term Toxicity Screening of Hazardous Waste Sites" (USEPA, 1988b). It is assumed 
that the responses of these test species are adequate indicators for other 
terrestrial invertebrates and plants occurring at NAS Whiting Field. 

The biological investigations at NAS Whiting Field included the collection of 
surface soil samples for both chemical analysis and toxicity testing. The 
analytical and biological results will be presented as part of the site-specific 
RI Feasibility Report for each site. The following is a summary of the toxicity 
tests performed on selected surface soil samples. The complete laboratory report 
is in Appendix F. 

Biological sampling was performed at selected sites. Sites were selected based 
on the following two criteria: chemical concentrations were detected above 
background levels in the initial field investigation or stressedvegetative areas 
were observed during the biological field investigation. The surface soil 
samples were split into two samples in the field: one for chemical analysis and 
the other for biological toxicity testing. 
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Twenty-two soil samples, including 2 background and 1 duplicate sample, were 
collected for both toxicity and chemical testing. At the end of the 1.4-day 
exposure duration, survival of E. foetida was 100 percent, indicating no acute 
toxicity. Chronic effects, however, were observed after 30 days of expolsure. 
Survival of E. foetida in the laboratory control was not significantly different 
(P less than or equal to 0.05) from the reference soil (BKN00301) after 30 days. 
Survival of E. foetida in the reference soil, BKN00301, was significantly 
different (P less than or equal to 0.05) from one of the samples from Site 11 
(llN00201) and the other reference (BKNOOlOl). 

Earthworms left in the containers for a total of 30 days were reweighed and the 
percentage change in weight was compared to that of the control samples. Only 
one sample (lON00301 from Site 10) exhibited a significant deviation from the 
control group. 

The L.sativa seed germination results from eight out of 22 samples significantly 
deviated from the control samples. The samples (lON00201, lON00501, 12N00201, 
12N00501, 16N01201, 31N01201, 3lN01301, and the background sample BKNOOlOl) were 
collected from Sites 10, 12, 16, 31, and a background area. 

The biological toxicity test results will be discussed along with the chemical 
findings as part of the site-specific ERAS. 
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4.0 SUMMARY OF STATIONWIDE BACKGROUND CONDITIONS 

The purpose of this General Information Report is to provide information common 
to all of the sites being investigated at NAS Whiting Field, including sampling 
and analytical methodology, data evaluation, risk assessment methodology, 
characterization and assessment of station-wide background data, and the 
ecological characterization of the station. Because the information cont.ained 
in this report is common to all sites, it will not be repeated in FL1 or 
confirmatory sampling reports for each site but will be referenced. The 
individual RI or confirmatory sampling reports for each site also will contain 
a discussion of any deviations from methodologies presented in this report. 

Included within the NAS Whiting Field General Information Report is the following 
information: summary of published information about NAS Whiting Field, including 
geography, physiography, demographics, climate, regional geology, and hydrogeo- 
logy; methods and procedures used to conduct the field activities; methodology 
used to validate analytical data; methodology used to conduct risk assessments; 
and characterization and assessment of stationwide background analytical data, 
including surface and subsurface soil, surface water, sediment, and groundwater 
that will be used to evaluate the data from each site. 

4.1 FINDINGS. The following paragraphs provide a brief summary of the site 
- background conditions (geologic, hydraulic, and hydrogeologic) and target 

analytes detected in background surface and subsurface soil, surface water, 
sediment, and groundwater samples. 

4.1.1 Geologic 'Conditions The lithology and stratification of the soil 
encountered at the installation are consistent with the descriptions osf the 
Citronelle Formation. The presence of numerous clay layers and rapid facies 
changes also suggest a very low to moderately energetic depositional environment 
as described in Section 2.1. 

A generalized stratigraphic column for the deposits from the installation would 
include 0 to 30 feet of interbedded sand, silt, and clay overlying massive sand 
units containing clay and silt lenses. The two strata are best differentiated 
by the distribution and percentage of silt and clay present in the soil matrix. 
The percentage of silt and clay in the interbedded sand, silt, and clay 1a:yer is 
generally an order of magnitude greater than the sand layer it overlays. 

Gravel layers are present in the subsurface; however, their occurrence is not 
common and they are generally very localized. Furthermore, although a single 
continuous clay layer is not believed to be present at the installation, 
extensive clay layers were reported. Clay (between 10 and 40 feet thick) was 
commonly encountered in borings located in the Southeast and Southwest Perimeter 
Road Disposal Areas, as well as in many deep borings located in the Industrial 
Area. 

Based on these data, the background surface soil samples that have been collected 
at depths of 0 to 1 foot bls and subsurface soil samples that were collected at 
depths of 5 to 7 feet and 10 to 12 feet bls, throughout NAS Whiting Field are 
representative of the materials that comprise the surface and subsurface 
conditions at the various sites. Therefore, arithmetic means or single detection 
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values of the concentration of target analytes detected in background soil 
samples are conservative estimates of either naturally occurring or man- 
influenced concentrations. 

4.1.2 Hydraulic Conditions NAS Whiting Field is located on a plateau that is 
bounded by the receiving waters, Clear Creek to the west and south, and Big 
Coldwater Creek to the east. These two creeks are tributaries to the Blackwater 
River located to the south. Because of the flat, open nature of the airfield and 
the installation facilities, NAS Whiting Field is drained by an extensive storm 
sewer drainage system. The drainage system was constructed in the mid 1940s. 
Extensive slope contouring and the construction of paved drainage ditches channel 
the waters to Clear Creek and Big Goldwater Creek. 

Surface water and sediment samples have been collected from a variety of 
locations (Plate 1) that represent both on- and off-station environments, some 
of which are more influenced by human activity than others. The surface water 
and sediment samples collected to date should provide representative locations 
from which adequate background data could be used to assess site-specific 
conditions. 

'4.1.3 Hydrogeolopic Conditions Shallow and deep zone groundwater flow 
directions were determined using data from two water-level elevation measurement 
events, October 1993 and February 1999. Although a continuous confining layer 
or groundwater barrier was not identified at the facility, because of the 
differences in monitoring well depths, shallow and deep groundwater flow zones 
were plotted for comparison. Figures 3-6 and 3-8 show the facilitywide 
groundwater flow direction for the shallow water table zone of the sand-and- 
gravel aquifer. Figures 3-7 and 3-9 show the facilitywide groundwater flow 
direction for the deep zone of the sand-and-gravel aquifer. 

Perched groundwater was encountered only in the Industrial Area and at one 
location in the southeast perimeter road sites. Installationwide groundwater 
contours for the shallow and deep zones suggest that groundwater flows primarily 
in a south to southwesterly direction in the western part of the facility. In 
addition, a lesser flow component to the southeast may be present in the 
southeast part of the facility. Clear Creek, located west of the facility, 
appears to be a discharge area for groundwater, 

Monitoring wells located in an hydraulic upgradient direction of the identified 
sites are representative locations from which adequate background data could be 
collected to assess site-specific conditions of the surficial aquifer. 

4.1.4 Target Analytes Detected in Background Surface Soil Samples Fifteen 
background surface soil samples were collected fromvarious on-station soil types 
at a depth of 0 to 1 foot bls (Figure 3-10). Target analytes detected in the 
background surface soil samples consisted of 1 SVOC (bis-2-ethylhexylphthalate), 
6 pesticide compounds (4-4'-DDE, 4,4-DDT, dieldrin, heptachlor epoxide, alpha 
chlordane, and gamma chlordane), and 24 inorganic analytes (aluminum, antimony, 
arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, 
lead, magnesium, manganese, mercury, nickel, potassium, selenium, silver, sodium, 
thallium, vanadium, zinc, and cyanide) (Tables 3-9, 3-11, 3-13, and 3-14). No 
VOCs or PCB target analytes were detected in the background surface soil samples. 
Background screening values and comparison of the detected analytes by soil type 
to benchmark values are provided in Tables 3-10, 3-12, and 3-14. 
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4.1.5 Target Analvtes Detected in Background Subsurface Soil Samples Fourteen 
background subsurface soil samples were collected at locations on-station at 
depths of 5 to 7 and 10 to 12 feet bls (Figure 3-10). Twenty inorganic analytes 
(aluminum, antimony, arsenic, barium, beryllium, cadmium, calcium, chromium, 
cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, selenium, 
silver, vanadium, and zinc) were detected in the subsurface soil samples (Tables 
3-17, 3-18, and 3-19). No VOCs, SVOCs, pesticides or PCBs were detected in the 
subsurface soil samples. Background screening values and comparison of the 
detected analytes to benchmark values are provided in Table 3-19. 

4.1.6 Target Analytes Detected in Backpround Surface Water Samples Two 
background surface water samples were collected at locations on- and off-station 
(Figure 3-11). Target analytes detected in the station-wide background surface 
water samples consisted of six inorganic analytes (barium, calcium, iron, 
magnesium, manganese, and sodium). No VOCs, SVOCs, pesticides or PCBs were 
detected in the surface water samples (Table 3-20). Background screening values 
and comparison of the detected analytes to benchmarkvalues are provided in Table 
3-20 for the stationwide background surface water samples. 

4.1.7 Target Analytes Detected in Backpround Sediment Samples Two background 
sediment samples were collected at locations on- and off-station at a depth of 
0 to 1 foot below the water sediment interface (Figure 3-11). Target analytes 
detected in the background sediment samples include four VOCs (acetone, TCE, 
benzene, andtoluene) and six inorganic analytes (aluminum, chromium, iron, lead, 
manganese, and vanadium) (Table 3-20). No SVOCs, pesticides, or PCBs were 
detected in the sediment samples. Background screening values and comparison of 
the detected analytes to benchmark values are provided in Table 3-20 for the 
stationwide background sediment samples. 

4.1.8 Taraet Analvtes Detected in Backpround Groundwater Samples Background 
groundwater samples were collected from seven monitoring wells (three wells 
screened across the water table, two wells screened from 20 to 30 feet below the 
shallow wells, and two wells screened from 60 to 70 feet below the shallow 
wells). These seven monitoring wells were installed in areas generally 
upgradient of the potential source areas at the facility. 

Target analytes detected in groundwater samples collected from the background 
monitoring wells include: 2 VOCs (benzene and toluene) 1 SVOC (gamma-BHC) and 18 
inorganic analytes (aluminum, antimony, barium, beryllium, cadmium, calcium, 
chromium, copper, iron, magnesium, manganese, nickel, potassium, selenium, 
sodium, vanadium, zinc, and cyanide) (Tables 3-22, 3-23, and 3-24). No SVOCs or 
PCBs were detected in the background groundwater samples. 
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APPENDIX A 

SUMMARY OF NAVAL AIR STATION WHITING FIELD 
HISTORIC OPERATIONS 



1.0 INDUSTRIAL OPERATIONS. Naval Air Station (NAS) Whiting Field's training 
mission is supported by minor-to-intermediate aircraft repairs and maintenance 
operations but does not involve heavy industrial or production-type activities. 
Until about1980, aircraft requiring complete overhaul or rework were sent to NAS 
Pensacola. The principal industrial functions were performed by an aircraft 
maintenance department, the squadrons, and the Public Works Department at NAS 
Whiting Field. The initial assessment study (IAS) determined that the depart- 
ments and/or shops and tenant activities that have been the major generators of 
hazardous wastes at the base include the following: 

Aircraft Intermediate Maintenance Department (AIMD), 
Operation Department, 
Public Works Department (PWD), 
North Field Aircraft Maintenance Operations, 
South Field Aircraft Maintenance Operations, 
Naval Aerospace and Regional Medical Center, 
Photo Detachment, and 
Auto Hobby Shop. 

. AIMD. The AIMD, Building 2941, performed intermediate maintenance on 
aircraft and ground support equipment for the NAS Whiting Field's 
training squadrons since 1968. Prior to 1968, AIMD-type operations 
were performed within the hangars. In 1983, all of the aircraft 
service shops, except Ground Support Equipment (GSE), were awarded to 
contractors due to the phase-out of the T-28 aircraft. Prior to this, 
the AIMD's support shops included the following: airframes, avionic, 
battery, calibrations, electric, ground support system, hydraulic, 
power plants, and painting, Five of the AIMD shops generated industri- 
al wastes. These shops generated wastes such as cleaning solvents, 
acids, hydraulic fluids, engine oils, paints, and thinner along with 
stripping compounds. Table A-l summarizes waste generation from the 
AIMD. 

. 

Airframes Shop. Airframes performed metal repairs and fabrication of 
aircraft structural components. This shop generated about 30 gallons 
per month of wastewater containing paint stripping compounds, .which 
were disposed of in the underground stripper storage tanks located on 
the south end of Hangar Building 2941. Between 1968 and 1980, when the 
tanks became full, waste material was pumped out of the tanks and 
disposed of in one of the open disposal areas located at the facility. 
After 1980, the waste material was taken offsite for treatment. A 
sample of the waste material generated by the shop's operation was 
collected in 1984. Table A-2 provides the results of the chemical 
analysis of the sample. 

Power Plant Shop. Engine teardown and buildup were conducted by this 
shop along with engine testing. The wastes generated by this shop were 
from engine maintenance and the test cells. Cleaning of aircraft 
engine components generated some 50 gallons of PD-680 cleaning solvent 
per month. Freon used at the engine test cell generated about 40 
gallons of waste per month. These wastes were reportedly poured into 
an underground waste oil storage tank located on the southwest corner 
of Hangar Building 1941. It was reported that the materials were then 
removed from the base by a contractor for reprocessing or disposal. 
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Table A-l 
AIMD Waste Generation Rates 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Waste Source Waste Type 
Estimated Waste 
Generation Rate 

(gallons per year) 

Period of 
Generation 

Treatment/Disposal Location 

Airframes 
Shop 

Power Plant 
Shop 

Paint stripping compounds 360 

PD-680 600 

Freon 500 

1968-1980 
1980-1983 

1968-1983 

1968-1983 

On-station landfill 
Underground storage, off Navy property treatment 

Waste oil storage tank, off Navy property storage by 
contractor 

Waste oil storage tank, off Navy property by 
contractor 

GSE PD-680 360 
Aircraft cleaning compound 180 
Lubricating oil 240 
Hydraulic fluid 300 
Transmission fluid 70 
Antifreeze 100 

1968-1984 Waste oil bowser, waste oil storage tank, off Navy 
property by contractor 

Paint Shop Mixed paint stripping wastewater 

Battery Shop Battery acid 

24,000 1968-1980 
18,000 1980-1983 

6,000 1983-1984 

180 1968-l 983 
rsn 1983-i 984 

Drums, on-station landfill 
Underground storage tanks, off Navy property 
treatment 
Drumsoff Navy property by DPDO 

Neutralization dry well 
Drums. DPDO 

Source: Envirodyne Engineers (1985) 

Notes: AIMD = Aircraft intermediate Maintenance Department. 
GSE = ground support equipment. 
DPDO = Defense Property Disposal Office. 



Table A-2 
Chemical Analysis of Waste Sample 

AIMD Paint Stripping Operation, March 30, 1984 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Parameters Results (mg/Q 

l,l,l-Trichloroethane 1,670 

Methylene chloride 4,110 

Toluene 20,600 

Xylene 18,800 

Methyl isobutyl ketone 1,200 

Total organic carbon, percent 30 

Total phenols 9.2 

Arsenic 8.7 

Barium 14.1 

Cadmium 1.0 

Chromium 80 

Lead 100 

Mercury 0.002 

Selenium 0.021 

Silver 0.6 

Source: Envirodyne Engineers (1985). 

Note: AIMD = Aircraft Intermediate Maintenance Department. 
mg/P = milligrams per liter. 
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Ground Support Equipment. The GSE shop was responsible for the scheduled 
and unscheduled maintenance on all ground support equipment (JG-75 tow 
tractors, aircraft jacks, and maintenance stands). The operation moved 
from Hangar Building 2941 to the Central Hangar, Building 1454, in the 
early 1970s. The shop routinely generated an estimated 30 gallons of PD- 
680 cleaning solvent per month and about 15 gallons of aircraft cleaning 
compound per month. Other waste materials generated by GSE included 
lubrication oil (20 gallons per month) and antifreeze (9 gallons per 
month). All of the wastes were disposed of either in a bowser or the 
underground waste oil storage tank located north of Building 1454. It was 
reported that this tank was emptied by a contractor on a routine basis for 
off Navy property reprocessing or disposal. 

Paint Shop. The AIMD Paint Shop was responsible for the repainting of 
aircraft and helicopter structural components. The application of paint 
strippers and parts cleaning agents prior to painting were major steps in 
the operation. Stripping paint from aluminum and aluminum alloy components 
constituted roughly 80 percent of the workload while stripping paint from 
magnesium, titanium, and stainless-steel parts comprised the remainder of 
the load. The stripping process involved the application of a compound by 
brush or by dipping the parts into a solution. One bin contained a boric 
acid solution for stripping steel parts while the other contained a 
prepared solvent solution for stripping the aluminum and aluminum alloy 
parts. The tanks each contained about 15 gallons of stripping agent. 
After a period of time, the stripper and paint slime were removed from the 
aircraft part with rinse water in an open top catch tank. This step was 
often followed by the application of a zincchromate coating solution 
(alidine) to the stripped component. This material was also rinsed into 
the catch tank. 

Prior to 1980,' the wastewater generated by this operation was pumped into 
55-gallon drums for transport to an operating on-station landfill. The 
waste was then poured onto materials at the landfill site and the drums 
reused. Around 1980, the catch tank was connected to two underground metal 
holding tanks (used bottled gas tanks), approximately 500 gallons each, 
located just south of Building 2941. When the open top catch tank was 
full, a manual valve was opened to drain the wastewater into the under- 
ground holding tanks. These tanks were emptied as required for treatment 
and disposal off Navy property. Depending on the workload, this operation 
generated from 500 to 2,000 gallons per month of rinse water containing 
epoxy, paint stripper, mineral spirits, lacquer thinner, toluene, methyl 
isobutyl ketone (MIBK), l,l,l-trichloroethane, xylene isopropyl alcohol, 
and alidine. 

Battery Shop/Locker. Maintenance activities of the shop include the 
repair, testing, flushing, and charging of lead-acid batteries used by the 
squadrons. This operation has been conducted in Building 1478 from the 
mid-1960s. The waste battery acid generated by this shop (approximately 
180 gallons per year) was routinely poured down a slop sink drain and 
flushed with rinse water to dilute the acid solution. The waste solution 
subsequently discharged to a lime rock (neutralization) dry well located on 
the west side of the shop. This disposal method was used from the 1960s 
until early 1984. When this disposal technique was discontinued, the sink 
was connected to the sanitary sewer for disposal of the dilute rinse water 
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only. The waste acid was subsequently handled as hazardous waste and 
disposed of off Navy property by the PWD. Battery cases were given to the 
Defence Property Disposal Office (DPDO) for off Navy property disposal or 
resale. 

Operations Department. The Operations Department runs the airfield, 
provides support services and limitedmaintenance on the assigned aircraft, 
and conducts firefighter training exercises through the fire department. 
Only the Operations and Maintenance Division generates hazardous waste, 
although the Crash/Fire Division consumed some of the waste generated by 
the other shop operations. Waste generated by this department is given in 
Table A-3. 

Operations Maintenance Division. The Operations Maintenance Division 
(OMD), Hangar Building 1454, has provided line maintenance on transient 
aircraft and the daily upkeep and maintenance of several assigned aircraft 
since the 1940s. The activities of the division typically generate less 
than 5 gallons per month of mixed waste paint and stripper, MIBK, methyl 
ethyl ketone (MEK), toluene, and naphtha. Waste oil generated by engine 
oil changes was placed either in a bowser or an underground waste oil 
storage tank adjacent to Building 1454 prior to offsite disposal by a 
contractor. Approximately 400 gallons of waste oil were disposed of 
annually in this manner. Waste fuel, about 100 gallons per year, is placed 
into drums for use by the Fire Department's fire training exercises. 

Crash/Fire Division. This division is responsible for all crash and 
structural fire protection including firefighter training activities. The 
fire station is located in Building 2983. Until the early 197Os, all fire 
division activities were performed solely by military personnel. Since 
then, these responsibilities have been shared by civilian and military 
groups. The firefighter training area had been located on the west side of 
North Field for the past 25 years or more. Two main sites are used to 
conduct the training exercises. Flight schedules dictate which site is 
used for any particular session. During each session, contaminated fuel is 
poured into a shallow earthen depression, ignited, and subsequently 
extinguished using aqueous fill form foam (AFFF) or other similar 
extinguisher agent. 

The contaminated fuel (jet propellant [JP-41, JP-5, or aviation gasoline 
[AVGAS] mixed with oily wastes) is obtained from the squadrons and shop 
areas. Materials arrive primarily by truck and are pumped into 55-gallon 
drums for temporary onsite storage. The military group assigned to the 
station uses about 500 gallons per month of waste petroleum products for 
their training sessions while the two civilian platoons consume around 800 
gallons each month. 

Public Works Department. The NAS Whiting Field PWD performs a wide variety 
of services through an organization of divisions including facilities 
planning, design, programming, and construction; real estate management; 
facilities inspection; maintenance, repair, minor construction, alteration, 
and equipment installation; facility disposal; transportation oper,ations 
andmaintenance including weight-handling equipment housing administration; 
as well as environmental control and conservation programs. RCA/Opera- 
tions Maintenance Service (OMS) assumed operation's responsibilities of the 
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Table A-3 
Operation Maintenance Division Waste Generation Rates 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Waste Source Waste Type 
Estimated Waste 
Generation Rate 

(gallons per year’) 

Period of 
Generation 

Treatment/Disposal Location 

OMD Mixed waste 
Pain thinners 

60 1960-1984 Drums, firefighter training 

Waste fuels 100 1960-1984 

Waste oils 400 1960-1984 

Drums, firefighter training 

Waste oil bowser, or waste oil storage tank, offsite 
by contractor 

I Crash/Fire Mixed fuel 215,000 1950-1984 
Division 

Burned in fire training pits 
Waste oils (partially combusted hydrocarbon residue) 

AFFF 

PCP-dry chemical 

Source: Envirodyne Engineers (1985). 

*3,000 

*3,000 pounds 

1960-1980 Firefighter training pits and crash sites 

1980-1984 Firefighter training pits and crash sites 

’ Rate in gallons except as otherwise noted. 
* Indicates amount of material used by this operation. 

Notes: OMD = Operations Maintenance Division. 
AFFF = aqueous film-forming foam. 
PCP = pentachlorophenol. 



PWD on a contractual basis on October 1, 1982. They are specifically 
responsible for the maintenance and operations at NAS Whiting Field of 
grounds, utilities, sewage treatment, potable water, transportation, tele- 
phone and messenger services, and building maintenance. Two divisions, 
Transportation and Utilities, generate most of the hazardous wastes from 
this department. Table A-4 presents a summary of the wastes generated by 
the PWD. 

Transportation Division. This division, located in Building 142!3, is 
responsible for the maintenance of all transportation, construction, 
material-handling, and material-moving equipment. They also provide motor 
vehicles and operators of heavy equipment for the on-station landfills. 
Maintenance and repair activities typically generate approximately 30 to 50 
gallons of cleaning solvent per year. The main waste from the transporta- 
tion division is waste oil. Approximately 10 gallons are generated each 
month. 

Utilities Division. The main function of the division is to operate the 
station's steam and hot water plant, potable water treatment and distribu- 
tion system, and wastewater treatment and disposal system. Other responsi- 
bilities of the division include maintenance and repair of power distribu- 
tion lines and other utility equipment. The facility, built in the 194Os, 
is located in Building 1429. The division uses a wide variety of boiler 
water treating chemicals, such as sodium hydroxide, sodium sulfite, sodium 
hexametaphosphate, and other miscellaneous testing reagents. Exact 
quantities of each chemical used were not recorded. The wastewater 
containing these chemicals is discharged to the sanitary sewer. 

Electric Shop. The electrical operations have been conducted in Building 
1437 since the 1940s. The shop is responsible for maintenance, minor 
repairs, installations, modifications and alterations to electrical and 
electronic equipment, and systems on the station. Transformer repair 
performed by this shop include cleaning of bushing gaskets, repair and 
replacement of windings, and repainting of cases. The repairs were 
conducted at several locations on-station over the years. Prior to about 
1960, some of this work was performed in Building 1478, which later became 
the Battery Shop. Typically, the transformers were hauled from the s'hop to 
the ditch behind the Central Hangar, drained of oil, rinsed with kerosene, 
and brought back to the shop area for rework. Transformer rework wa,s also 
performed at the Electric Shop, Building 1437, until the mid-1970s. 
Transformers reworked at Building 1437 were normally hauled to an 
on-station landfill to dispose of the oil. During the 1960s and 197Os, some 
minor repairs were also performed on transformers at the North Pump House, 
Building 1479, but reportedly no oil was disposed of at this location. 

Polychlorinated biphenyls (PCBs) were used in dielectric fluid in 
capacitors and power transformers throughout NAS Whiting Field. It was 
reported (Envirodyne Engineers, 1985) that PCB-containing dielectric fluid 
may have been disposed of onsite at the landfills prior to the initiation 
of the present collections and disposal program. Quantities and exact dates 
of PCB disposal onsite were not recorded. Currently no PCB-containing 
devices are located at NAS Whiting Field. 
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Table A-4 
Public Works Department Waste Generation Rates 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Waste Source Waste Type 
Estimated Waste 
Generation Rate 

(gallons per year) 

Period of 
Generation 

Treatment/Disposal Location 

Transportation 
Division Shop 

Utilities 
Division Shop 

Dry cleaning solvent 
PD-680 

Waste oil, 
Brake/hydraulic fluid 

Mixed boiler waste treating 
Chemicals 

50 
30 

120 

-- 

1950-1980 On-station landfill 
1980-1982 On-station landfill 
19821984 Off Navy property by contractor 

1950-1984 Off Navy property by contractor 

1940-1984 Sanitary sewer 

Source: Envirodyne Engineers (1985). 

Note: -- = information not available. 

‘4 
.) 



Pesticide Shop. Pesticide (including herbicide and insecticide) operations 
are conducted out of Building 1485C at the PWD compound. Golf course 
pesticide storage and mixing facilities are located at the Golf Maintenance 
Shop, Building 2877. Pesticide inventories are maintained at a level to 
meet application requirements based on past records. A comparison of the 
types and quantities of pesticides applied during 1971 and 1977 is given in 
Table A-5. The 1980 Pest Management Plan (Navy, 1984) for Whiting Field 
presents a list, given in Table A-6, of the chemicals normally used by PWD 
to control pests. The list in Table A-7 presents the quantities normally 
kept on hand at the Golf Course to meet their needs. 

The only wastes the two pest control shops generate are out-of-date 
pesticides and empty containers. Spray tank rinsates are either used as 
make-up water for subsequent applications or applied to the job site and, 
thus, do not constitute a waste. Disposal of empty pesticide containers was 
conducted as follows. The liquid pesticide containers were triple rinsed, 
punctured to make them unusable, and placed in a specified dumpster for 
disposal at an onsite landfill. Containers for dry pesticides, such as bags 
and fiber drums, were made unusable by crushing or tearing, placed in the 
dumpster, and also disposed of in a landfill. 

North Field Aircraft Maintenance Operations. The North Field of NAS Whiting 
Field provided primary flight training during the 1940s through the efforts 
of Basic Training Unit-One A (BTU-1A). In the spring of 1949, the Navy's 
first jet training unit (JTU-1) was brought to North Field. By the 
mid-1950s, the nine cylinder radial engine T-28 "Trojan" aircraft came to 
NAS Whiting Field. This aircraft was used exclusively for training 
operations until the late 1970s when the T-34C "Turbo Mentor" was 
introduced. During this transition period, both T-28s and T-34Cs were used 
by the training squadrons. As of April1983, North Field had about 40 'I'-28s 
and about 172 T-34Cs in service for the training mission. It was not until 
late 1983 that the last of the T-28s were taken out of service. Minor 
repair operations included stripping and touch-up painting for erosion 
control along with engine maintenance and routine aircraft washing. These 
activities typically generated waste stripping compounds, cleaning 
solvents, paint wastes, alkaline cleaners, detergents, oil, and hydraulic 
fluids. 

With the introduction of the T-34Cs in the late 197Os, contractual services 
were initiated to provide full administrative, maintenance, and logistics 
support for the aircraft assigned to the three fixed-wing squadrons (VT-2, 
VT-3, and VT-6) of Air Wing Five. This contract continues to prlovide 
comprehensive maintenance services. The depth of maintenance performled by 
the station's contractor includes line, shop, intermediate, and (depot 
level. 

Aircraft Maintenance. As part of the maintenance activities, oil ch.anges 
were routinely performed on the aircraft. The oil was changed in the 'T-28s 
about every 250 hours and required approximately 10 gallons of oil. 
Therefore, assuming that the 350 planes stationed at the field during the 
early 1970s flew, on average, about 50 hours per month, the IAS concluded 
that they would have generated about 700 gallons per month of waste engine 
oil. The waste oil was reportedly poured into the underground waste oil 
storage tank located adjacent to Hangar 2941. The oil was routinely pumped 
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Table A-5 
Estimated Annual Pesticide Usage Comparison 

Remedial investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, florida 

Pesticide Target Pest’ 1971 

Acti-dione suspension* Turf disease (F) __ 

Ammate-X solution Weeds (H) 600 gals 

Anticoagulant baits (0.025%) Rats/mice 15 Ibs 

ARS emulsion2 Broadleaf weeds (H) - 

Balan granules (2.6%)’ Weeds (H) _- 

Baygon emulsion (1.1%)’ Roaches (I) __ 

Bromacil suspension* Vegetation (H) -_ 

Carbaryl solution’ Leaf chewer (I) _- 

Chlordane emulsion (2%) Ants (I) 20 gals 

Chlordane granules/dust (10%)’ Ants (I) 

Cycioheximide suspension Turf disease (F) __ 

Dalapon suspension Vegetation (H) __ 

Diazinon emulsion (l%)* Roaches (I) 370 gals 

Dicamba emulsion* Weeds (H) _- 

Dicamba granules (0.35%)2 Weeds (H) -- 

Emethyl-phosphorate suspension (0.8)* Leaf chewer (I) 

Diuron/Ammate suspension Vegetation (I) 1 ,150 gals 

2,4-D granules’ Weeds (H) 

2,4-D emulsion Weeds (H) __ 

Kepone baits (0.15%) Ants (I) 520 gals 

Malathion solution (7%) Mosquitos (I) 700 gals 

Malathion emulsion (0.18%)’ Leaf chewer (I) 3,650 gals 

Methyl bromide (98%)’ Nematodes (SF) __ 

Mineral oil solution (100%)’ Mosquitos (I) 5 gals 

OOR-Proxol solution’ Leaf chewer _- 

Pyrethrin solution’ Mites (I) __ 

Thirum suspension (11%)’ Turf disease (F) -- 

Siibex’ Weeds (H) __ 

’ Target for pesticide control. 
’ Golf course maintenance. 

1977 

880 gals 

1,250 gals 

50 Ibs 

1,650 Ibs 

400 Ibs 

50 gals 

1,150 gals 

1,150 gals 

370 Ibs 

330 gals 

110 gals 

270 gals 

110 gals 

50 Ibs 

300 gals 

50 gals 

330 gals 

__ 

800 gals 

5,850 ibs 

10 Ibs 

__ 

4,600 gals 

1 gal 

3,900 gals 

20 fbs 

Source: Envirodyne Engineers (1985). 

Notes: (F) = fungicide. 
(H) = herbicide. 
(I) = insecticide. 
(SF) = soil fumigate. 
-- = pesticide not in use. 
gals = gallons. 
Ibs = pounds. 
% = percent. 
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Table A-6 
Public Works Department Pesticide Inventory 

Remedial investigation and Feasibility Study 
General information Report 

Naval Air Station Whiting Field 
Milton, Florida 

We Quantity 

insecticides: 
Carbaryl, 80% WP 
Chlorodane, 10% granular 
Diazinon, 2% dust 
Dimethoate, 23.4% EC 
Kelthane, 18.5% EC 
Malathion, 57% EC 
Malathion, 95% concentrate 
Petroleum oil, 97% EC 
Propoxur, 13.9% EC (Baygon) 
Pyrethrum, 1.9% 

20 pounds 
350 pounds 
150 pounds 

1 gallon 
19 gallons 
75 gallons 

200 gallons 
21 gallons 
20 gallons 

3 gallons 

Herbicides: 
Ammonium Sulfmate (Ammate-X), 95% crystals 
Bromacil, 2 pounds per gallon EC 
Daiapon, 84.5% WP 
Diuron, 80% WF’ 
2,4-D, 4 pounds per gallon Amine 
2,4,5-T, 4 pounds per gallon LVE 

Miscellaneous: 
Avitrol, 0.5% whole corn 
Captan, 50% WP 
Nemacur, 15% granules 
Spreader/Sticker 

Source: Envirodyne Engineers (1985). 

840 pounds 
700 gallons 
700 pounds 
110 pounds 

10 gallons 
25 gallons 

9 pounds 
50 pounds 
40 pounds 
64 gallons 

Notes: % = percent. 
WP = wettable powder. 
EC = emulsifiable concentrate. 
LVE = low-volatile ester. 
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Table A-7 
Golf Course Pesticide Inventory 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Type Quantity 

Insecticides: 
Carbaryl, 50% WP 
Methyl bromide, 98% 
Proxol, 80% SP 

Herbicides: 
Balan, 2.5% granules 
MSMA, 35.33% EC 
MSMA, 47.8% EC 
MSMA, 51.19% EC 
2,4-D, MCPP (Weedicide II) 
2,4-D, 2.2 pounds per gallon; MCPP 1 .l pound per gallon; 
Dicamba, 0.22 pounds per gallon (Trimec) 

110 pounds 
10.5 pounds 

98 pounds 

840 pounds 
700 gallons 
700 pounds 
110 pounds 

10 gallons 
25 gallons 

Miscellaneous: 
Kromad, 27.5% WP 
Nemacur, 15% granules 
Spreader 
Thiram, 75%; cycloheximide, 0.75% 

Source: Envirodyne Engineers (1985). 

24 pounds 
150 pounds 

14 gallons 
155 pounds 

Notes: % = percent. 
W? = wettable powder. 
SP = soluble powder. 
EC = emulsifiable concentrate. 
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Table A-8 
North Field Waste Generation Rates 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Waste Source Waste Type 
Estimated Waste 
Generation Rate 

(gallons per year) 

Period of 
Generation 

Treatment/Disposal Location 

Aircraft 
Maintenance 

Waste oil 8,400 1940-1978 
2,500 1978-1984 

Waste oil tank/off Navy property by contractor 

Mineral spirits 1,320 1978-1984 Waste oil tank/off Navy property by contractor 

MEK 360 1978-1984 Waste oil tank/off Navy property by contractor 

Isopropyl alcohol 

Mixed paint and thinner wastes 

Aircraft Aircraft cleaning solution 
Washing 

Source: Envirodyne Engineers (1985). 

180 

50 

4,200 

1978-1984 Waste oil tank/off Navy property by contractor 

1978-1984 Drums/firefighter training 

1942-1972 Storm sewer 
1972-1984 Sanitary sewer 

Note: MEK = methvl ethvl ketone. 



from the tank by the contractor for off Navy property disposal. The waste 
oil volume was dramatically reduced following the intraduction of the 
T-34Cs in the late 1970s. Waste oil volumes were reduced to about 1,500 
to 2,000 gallons per year. Table A-8 summarizes the types and quantities 
of wastes generated during aircraft maintenance operations. 

.-% 

Aircraft Washing Operations. Aircraft washing was performed on a 14-day 
cycle for each plane. The aircraft cleaning solution was consumed at a 
rate of about 4,200 gallons per year. Prior to approximately 1972, the 
wastewater from this operation was discharged to the storm sewer which 
ultimately discharged to Big Coldwater Creek. The cleaning rack was then 
connected to the sanitary sewer and the wastewater was treated at the 
on-station sewage treatment plant. 

South Field Aircraft Maintenance Operations. The first squadron assigned 
to the South Field started conducting training exercises in July of 1943. 
The mission was carried out by BTU-1B from the 1940s until the early 
1950s. The T-28 served as the principal training aircraft at South Field 
until the early 1970s. From 1972, two helicopter training squadrons, HT-8 
and HT-18, were stationed at the South Field to provide basic and 
advanced training to student pilots. This reorganization necessitated the 
transfer of Training Squadron Three (VT-3) to North Field. Basic 
helicopter flight training was performed using the Bell TM-57A "Sea 
Ranger" while the advanced training phase was accomplished with the Bell 
H-l "Huey" helicopter. As of August 1983, there were approximately 36 Sea 
Ranger helicopters assigned to MT-8, while HT-18 had about 92 Hueys, The 
Hueys were phased out in early 1984 and replaced with about 80 TH-57C 
series helicopters. The operation and maintenance activities prior to the 
introduction of this helicopter were reportedly similar to those 
conducted at North Field. 

NAS Whiting Field has used two contractors since the 1970s to provide 
maintenance for the helicopters at South Field. One contractor's mission 
is to expedite routine and special maintenance for the H-57s. These 
activities, housed in Building 2992, include the service of nickel- 
cadmium (NICAD) batteries used in the helicopters along with the supply 
of spare parts to support the Navy TH-57 helicopter training program of 
MT-8. Sufficient parts were maintained on station to provide daily 
support on a routine basis. 

Battery Locker. The battery locker is used to recharge, service, and 
dispose of the 28-volt batteries used in the helicopters. Each battery is 
routinely serviced every 50 hours. The operation generates very small 
amounts of waste potassium hydroxide electrolyte, 1 to 2 gallons 
annually. The spent electrolyte is poured into a small can and disposed 
of off Navy property. Waste batteries are also disposed of off Navy 
property by the DPDO. 

Helicopter Maintenance. A second contractor provides complete organiza- 
tional maintenance services for all of the H-l and H-57 aircraft at NAS 
Whiting Field from Hangar Building 1406. The activities of this contrac- 
tor include all levels of maintenance service that generate waste engine 
oil, cleaning solvents, and some paint stripping wastes. The engine oil, 
approximately 1 gallon per helicopter, is drained at 200-hour intervals. 
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With roughly 50 hours logged on each aircraft per month, this amounts to 
approximately 350 gallons of waste annually. All waste oil is poured into 
the underground waste oil storage tank adjacent to the washrack of Hangar 
1406. The waste oil is removed by contractor for off Navy property dis- 
posal. Other wastes generated by the maintenance operations included: 
mineral spirits, MEK, Lacolene, APU thinner, and paint stripper. 
Contaminated fuel obtained during the collection of fuel samples was 
placed in the line shack tank or in 55-gallon drums. The fuel was 
routinely collected by the fuels contractor and hauled to the Firefighter 
Training Area for use in fire drills. A summary of the estimated 
quantities and ultimate disposition of these wastes is presented in Table 
A-9. 

Helicopter Washing. The helicopter washrack is used daily to clean 
aircraft on a 14-day cycle. Around 1972, the rack was disconnected from 
the storm drain and connected to the sanitary sewer system. Approximately 
10 helicopters were cleaned each day by the squadrons. This operation 
generated about 100 gallons of wastewater per aircraft. The aircraft 
cleaning compound was consumed at about 10 gallons per day. 

Naval Aerospace and Regional Medical Center. NAS Whiting Field's Naval 
Aerospace and Regional Medical Center was located in Building 1416 from 
the 1940s until 1976 and provided emergency and outpatient care. The 
facility has been located in Building 2985 since then. Liquid waste 
chemicals, such as reagents generated by the facility, are generally 
poured down the sink. Concentrated test acids are diluted with tap water 
while being poured into the laboratory sink. Solid wastes, like 
syringes, etc., are first autoclaved and then placed in the dumpster for 
disposal. The X-ray processing wastes have been passed through a silver 
recovery unit prior to sewer discharge since the late 1970s. The silver 
sludge (Table A-10) is sent to the DPDO for resale to salvage companies. 

Dental Clinic. This branch, also located in Building 1416 until 1976, 
provided complete dental health care for active duty personnel. The 
clinic was moved to Building 2985 in 1976. This facility generates 
approximately 12 pounds per year of mercury amalgam wastes used for 
dental fillings. This waste has been sent to the DPDO for disposal since 
the late 1970s. Silver recovery wastes from the X-ray film processing 
operation have also been disposed of by the DPDO since the 1970s. 
Quantities of wastes generated are given in Table A-10. 

Photo Lab. The photo lab, located in Building 1426 since the 194Os, 
provides photographic services at NAS Whiting Field for both blacik and 
white and color still photography plus color transparencies. Processing 
chemicals routinely used included developer (50 pounds), fixer/har#dener 
(50 gallons), and replenisher (30 pounds). The lab generated about 10 
gallons per month of waste materials. The spent silver recovery unit 
waste has been sent to the DPDO for resale to salvage companies since the 
1970s. Waste generation is summarized in Table A-10. 

Auto Hobby Shop. This shop, located in Building 1404, generates waste 
solvents (PD-680) from a small parts cleaning tank. The tank is cleaned 
out as required, which varies according to the level of use. It was 
reported that about one 55-gallon drum every 2 months was used by this 
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Table A-9 
South Field Waste Generation Rates 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Estimated Waste 
Waste Source Waste Type Generation Rate 

Period of 
Generation 

Treatment/Disposal Location 
(gallons per year) 

ircraft Waste oil 8,450 1940-1972 Waste oil tank/off Navy property by contractor 
laintenance 2,500 1978-1984 

elicopter Waste oil 1,500 1972-1984 Waste oil tank/off Navy property by contractor 
laintenance 

Mineral spirits 240 1972-1980 Drums/firefighter training 

MEK 240 1980-1984 Drums, off Navy property by contractor 

APU-thinner 180 1980-1984 Drums, off Navy property by contractor 

Paint stripper 12 1980-1984 Drums, off Navy property by contractor 

Contaminated fuel 3,000 1972-1984 Drums/firefighter training 

lelicopter Aircraft cleaning compound 3,650 1940-1972 Storm sewer 
lashing 1972-1984 Sanitary sewer 

ource: Envirodyne Engineers (1985). 

lote: MEK = methyl ethyl ketone. 



Table A-10 
Miscellaneous Waste Generation Rates 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Estimated Waste 
Waste Source Waste Type Generation Rate Period of Generation Treatment/Disposal Location 

(gallons per year’) 

Medical Silver sludge 1976-1984 DPDO 
Clinic 

Dental Mercury amalgam 12 Ibs 1970-1984 DPDO 
Clinic Silver sludge 1970-1984 DPDO 

Photo Lab Mixed/photo processing chemicals 120 1940-1984 Sanitary sewer 
Wastewater silver sludge 1980-1984 DPDO 

Auto Hobby PD-680 300 1970-1984 Off Navy property by contractor 
Shop 

Waste oil 500 1970-1984 Off Navy property by contractor 

’ Rate in gallons except as otherwise noted. 

Source: Envirodyne Engineers (1985). 

Note: DPDO = Defense Property Disposal Office. 



operation. The spent solvent is poured into the waste oil sump and stored 
until it is pumped out about once every 3 months. This material is f--Y 
disposed off Navy property. Waste generation is summarized in Table A-10. 

1.2.2 Material Handling Operations (Storage and Transportation) In addition to 
the descriptions of the various shops andbase operations that produced hazardous 
wastes, the IAS also provided a brief description of the material-handling 
(storage and transportation) operations for NAS Whiting Field. A brief review of 
the main storage areas and their capacities is provided below in an attempt to 
further define the types and quantities of materials that have been used at the 
base during its years of operation. 

Petroleum, oil, and lubricants (POL) have been the most widely used materials 
stored and used at NAS Whiting Field over the years. The main POL products used 
were AVGAS, JP-4, heating fuel oil, vehicle ready fuel, diesel fuel, and aviation 
lube oil (AVLUBE). The storage capacities for these products are shown in Table 
A-11, These products were brought inside the stationby truck. Fuel was delivered 
by rail to the fuel storage area, but its use was discontinued in the mid- to 
late 1970s. Since that time, fuel operations have been handled by private 
contractors. The six main storage areas are discussed below. 

AVGAS Aqua System - Main Source. The two main AVGAS storage tanks were 
rubber lined, reinforced concrete, with a 250,000-gallon capacity. AVGAS 
was brought to the main storage by rail or truck, where it was off-loaded 
and pumped into the storage tanks. From there it was distributed to the 
North Field for use by the T-28 trainers or the South Field for storage. 
Since the jet helicopters and the T-34C trainers no longer require AVGAS, 
most of these tanks were filled with water and taken out of use. The main J-r?& 

storage tanks operated on the Aqua System principle. This system utilized 
potable water to displace gasoline. Water was used to lift the AVGAS 
level above the pump suction inlet pipe for distribution by pumping to 
either field. When the storage tanks were refilled, water was displaced 
over the weir to the drain and discharged untreated into "P" ditch, which 
flows into Coldwater Creek. Approximately 6.2 million gallons of water 
per year were discharged from this operation. This discharge was 
monitored and permitted under the National Pollution Discharge Elimina- 
tion System (NPDES). 

North Field AVGAS Aqua System. The North Field AVGAS Aqua System 
consisted of six underground steel AVGAS tanks and two aviation lube oil 
tanks. Each tank had a 23,900-gallon capacity. AVGAS was distributed to 
the aircraft refueling pits by water pressure through the Aqua System. 
Aircraft refueling was done on the concrete aprons from the refueling 
pits. 

South Field AVGAS Aqua System. The South Field AVGAS Aqua System 
consisted of six underground steel tanks and two aviation lube oil tanks. 
Flight operations at South Field changed from AVGAS-burning airplanes to 
JP-4-burning helicopters, consequently the tank farm was utilized solely 
for backup storage during the fuel shortage in 1973. AVGAS was pumped to 
these tanks from the main storage area where it returned as needed under 
water pressure. 

n 
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Table A-l 1 
Fuel Storage Capacity 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Type Fuel Type Storage 

JP-5 Aboveground steel tanks 

Heating fuel oil Underground steel tanks 

Vehicle ready fuel Underground steel tanks 

Diesel Underground steel tanks 

Source: E.C. Jordan Co. (1989). 

Note: JP = jet propellant. 

B 

Number of 
Tanks 

Total Capacity (gallons) 

2 402,040 

4 100,000 

3 25,000 

1 25,000 

WHT-RIFS.GIR 
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JP-4 Off-Load Storage and Pumping Facility. The helicopters at South 
Field were jet engine powered and burned JP-4. JP-4 was delivered by 
commercial tank truck and pumped into two 230,000-gallon capacity, 
aboveground, steel storage tanks. The trucks parked on the concrete 
off-load apron and filled the tanks. JP-4 was pumped from the tanks to 
the truck-fill stand. 

AVGAS and JP-4 Truck-Fill Stand. The AVGAS and JP-4 truck-fill stand was 
located at North Field just south of Building 2941. The helicopters at 
South Field were fueled from tank trucks by a contractor. Also, AVGAS was 
truck-loaded here to refuel transient aircraft. AVGAS was pumped to the 
truck-fill stand by water pressure from the North Field tank farm, while 
JP-4 was pumped from the storage tanks by pipeline. 

Boiler Plant Fuel Oil Storage. The main heating plant at NAS Whiting 
Field has always been located in Building 1429 in the Public Works area. 
The boilers normally burned natural gas; however, fuel oil was used on a 
standby basis. It was stored in four 25,000-gallon underground steel 
tanks. Also in storage was 10,000 gallons of diesel fuel in an under- 
ground steel tank for the emergency diesel-powered electrical generator. 

Chemical materials were also stored onsite. These materials were stored in drums 
and small containers at various locations throughout the facility depending upon 
their use as previously described. These materials included such things as 

_ solvents, stripping and cleaning agents, paints, electrolytes, and photographic 
developing chemicals. 

The remaining types of material that will be discussed in this section are 
ordnances. Live ordnance was not used for pilot training at NAS Whiting Field. 
Consequently, the only ordnance storage was for small arms ammunition such as 
that used by station police. Ordnance was used in small quantities and stored 
in two ammunition bunkers, lYC-1 and lYC-2. Building 1488 was used for storage 
of small arms ammunition and pyrotechnics. The total storage area was only 
approximately 400 square feet. 

WHT-RIFS.GIR 
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APPENDIX B 

RESIDENTIAL AND PUBLIC WELL CONSTRUCTION DETAILS 



GENERAL INFORMATION FROM THE PRIVATE WELL SURVEY 

Location Owner’s Name Location Address Well Use Well Casing Screen Pump Capacity 
Identifier Depth Diameter Length (Gallons/Min) 

(Feet) (Inch) (Feet) 

Al Panhandle Growers, Inc. Calvary Road Agricultural 180 4 30 50 
Allentown 

A2 Greg Plnton 8805 Hwy. 89 Agricultural 180 4 20 80 
Milton 

A3 Panhandle Growers, Inc. 5975 S. Ridge Road Agricultural 185 4 25 60 
Milton 

A4 George E. Lowrey Halecia Road off Hwy. 87 Agricultural 161 4 21 25 
Milton 

A5 Zane Riddles Whiting Field Road Agricultural 120 4 20 20 
Milton 

PSl Division of Forestry Rt 1 Box 77 Public Supply 205 4 75 75 
Milton 

PS2 

PS3 

Point Baker Water 
System, Inc. 

Exeter Drilling 

Alien Town Community Public Supply 225 16 39 150 
Milton 

Off Highway 87 Near Milton Public Supply 315 3 43 70 
Milton 

PS4 Point Baker Water Rt. 3 Box 300 A Pubfic Supply 237 12 46 675 
System, Inc. Milton 

PS5 R. M. Slngietary Route 3, Box 289-E Public Supply 180 2 5 4 
Milton 

PSS Point Baker Water 
System, Inc. 

PSI Point Baker Water 
System, inc 

PS8 City of Milton* 
xL. LB/A KI n A -I hi - B. rr*m ,,.B, m a 

5891 Mimosa Drive Public Supply 250 24 50 600 
Milton 

Off Highway 182 Public Supply WA 6 WA 178 
Point Baker 

Hwy 89 & Appaloosa Street Pubiic Supply 342 24 142 800 

l Data on other City of Milton wells are not avaliabie 



TABLE 3 

GENERAL INFORMATION FROM THEm’PRIVATE WELL SURVEY 

Location Owner’s Name Location Address Well Use Well Casing Screen Pump Cape&y 
Identifier Depth Diameter Length (Gallonr/Mln) 

(Feet) (Inch) (Feet) 

Dl A. H. Aiabata 7574 Highway 87 N. Domestic 96 4 20 22 
Milton 

02 Roy Whitfield Off Highway 89 Domestic 160 4 20 20 
Milton 

03 

04 

Wayne Hammac 

Lanny Simpston 

6751 Roger Thompson Rd 
Jay 

7596 Highway 87 
Milton 

Domestic 120 2 10 5 

Domestic 70 2 5 10 

05 Martha Jones Off Trailride Lane Domestic 140 2 10 15 
Milton 

D6 Ray Caiiaway 7009 Trammel Road Domestic 140 4 20 20 
Milton 

07 Brian Sanborn Highway 87, North Domestic 105 4 20 25 
Milton 

D8 John F. Tharp Highway 89 North of Pt. Baker Domestic 150 4 20 18 
Milton 

D9 Lucille Cammeron 7600 Highway 87 N. Domestic 85 2 5 10 
Milton 

DlO Kenneth Carron 5494 Brigth Meadow Domestlc 135 4 20 20 
Milton 

011 Bo Singietary Rt 6 Domestic 120 4 0 WA 
Milton 

012 W. C. Singletary Highway 89, North Domestic 105 4 WA WA 
Milton 

* NOTE: N/A = No Data Available 

3 i .) 
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GENERAL INFORMATION FROM THE’PRIVATE WELL SURVEY 

Location Owner’s Name Location Address Well Use Well Caslng Screen Pump Capacity 
Identifier Depth Diameter Length (Gallons/Mln) 

(Feet) (Inch) (Feet) 

013 Gerald Barnes 261 Russell Drive Domestic 120 4 0 10 
Milton 

014 Dennis Harthune Route 9, Box 397 Domestic 135 4 20 20 
Milton 

D15 Joseph W. Toomey 160 Kembro Street Domestic 125 2 5 5 
Milton 

D16 Herman E. Moore 112 Azalea Avenue Domestic 135 4 20 30 
Milton 

D17 Jerry J. Elrod Rt. 11, Box 76-A Domestic 120 2 10 10 
Milton 

018 Bonnie Comer 104 Oliver Street Domestic 40 2 5 6 
Milton 

D19 
I 

Jackie Cooper 1065 Willard Norris Road Domestic 130 4 20 25 
Milton 

020 Mary L Vayhn-Gawer Route 3 Box 302 Domestic 137 4 20 25 
Milton 

021 Wllilam R. Young 144 Chicchicpen Street Domestic 125 4 20 10 
Milton 

022 Wayne Coppedge 166 Marigold Avenue Domestlc 131 2 10 10 
Milton 



TABLE 3 

GENERAL INFORMAION FROM THE ‘PRIVATE WELL SURVEY 

Location Owner’s Name Location Address Well Use Well Casing Screen 
Identifier 

Pump Capacfty 
Depth Diameter Length (Gallons/Mln) 
(Feet) (Inch) (Feet) 

D23 M. E. Stanford Route 3, Box 2904 Domestic 30 2 5 5 
Milton 

D24 David L Marlin Route 2, Box 438-M Domestic 130 2 10 15 
Milton 

D25 Frank Fosher 723 Munson Highway Domestic 45 2 5 10 
Milton 

026 Thomas Weekiey 5954 Hogans Alley Domestic 133 4 20 30 
Milton 

D27 Paul Sessions 6912 Trammel Drive Domestic 93 4 20 35 
Milton 

D28 Paul Cowies 6075 Cowles Crest Domestic 133 4 20 20 
Milton 

D29 ’ Robin Paul 10061 Christmas Tree Road Domestic 143 4 20 20 
Milton 1 

030 Keith Cayior 7530 Springhill Road Domestic 64 2 10 8 
Milton 

D31 Charlie R. Gibson Royce Road Domestic 131 4 21 20 
Milton 

032 Mimi Ashley 

..-r I-- 
D33 Larry Lapel 

Tt: N/A = No Data Available 

5452 Forest Hill Domestic 130 4 20 20 
Milton 

- ._.. 
5730 Nl Wind Land Domestic 125 4 20 25 
Milton 



GENERAL INFORMATION FROM THE PRIVATE WELL SURVEY 

Location Owner’s Name Location Address Well Use Well Casing Screen Pump Capacity 
Identifier Depth Diameter Length (Galions/Min) 

(Feet) (Inch) (Feet) 

034 Lou Charland Royce Road Domestic 113 4 20 40 
Milton 

D35 Ray Haynes Rt. 3, Box 239 Domestic 150 4 10 20 
Milton 

D36 Jim Cotton Route 3, Box 203 Domestic 140 2 10 10 
Milton 

037 Route 6, Box 270-B Domestic 115 4 15 12 
Milton 

038 Daniel Pheips Tommyhawk Road Domestic 145 2 20 8 
Milton 

039 

040 

041 

Janice Stone Route 1, Box 605 Domestic 45 4 10 10 
Jay 

Lousle Pittman 5030 South Ridge Road Domestic 160 4 20 20 

I Milton 

Wayne Pittman 6010 South Ridge Road Domestic 160 4 20 20 
Milton 

042 Elizabeth Bradley North Airport Road Domestic 110 2 10 6 
Milton 

D43 William W. Alien Route 6, Box 334 Domestic 88 4 20 20 
Milton 

Route 6, Box 335 Domestic 100 2 10 10 
Milton 

Route 6, Box 333-B Domestlc 82 2 5 WA 
Milton 

D46 Joe E. McConnell Indian Ford Road Domestic 110 4 10 20 
Milton 



TABLE 3 

GENERAL INFORMATION FROM THE”PRIVATE WELL SURVEY 

Location Owner’s Location Address Well Use Well Depth Casing Screen Pump Capacity 
identifier Name (Feet) Diameter Length (Gallons/Min) 

(Inch) (Feet) 

D47 Darryl Highway 99 Domestic 118 2 5 12 
Pitts Milton 

D48 Frank L 200 Eirod Road Domestic 105 2 10 15 
Vann, Jr. Milton 

049 Gerreil Off Yellow River Valley Road Domestic 166 2 10 25 
Campbell Hoit 

D50 Roger 8174 India Ford Road Domestic 130 2 10 8 
Carter Milton 

051 Danny 3527 Highway 191 Domestic 130 2 10 10 
Johnson Milton 

052 Paul J. Off Highway 87 Domestic 65 4 10 15 
Barns Milton 

D53 Melvin 40361 Hiram Pittman Road Domestic 153 4 20 20 
Fleming Milton 

054 Johnny 7889 Munson Highway Domestic 140 4 20 20 
Parker Milton 

D55 John 8964 Tomahawk Landing Road Domestic 95 4 30 20 
Reisen Milton 

D56 Glenn Rt 6 Box 291 Domestic 40 2 5 10 
Ates Milton 

D57 Dorothy Rt 6 Box 286 Domestic 57 2 5 6 
Cargo Milton 

058 Dennis Route 1, Box 7 Domestic 120 2 10 5 
Payne Milton 

i 



GENERAL INFORMATION FROM THE PRIVATE WELL SURVEY 

Location Owner’s Location Address Well Use Well Depth Casing Screen Pump Capacfty 
identifier Name (Feet) Diameter Length (Galions/Mln) 

(Inch) (Feet) 

059 Ed A. Route 6, Box 322 Domestic 166 4 10 20 
Barnes Milton 

D66 Mann Rt 1 Box 56 Domestic 128 2 10 5 
Mithchem Milton 

D61 Gary 9613 Pittman Road Domestic 125 2 1 15 
Weekiey Milton 

062 Bobby 6596 Countr Oaks Lane Domestic 166 4 20 20 
Tyree Milton 

063 Donald Route 2, Box 441 Domestic 70 2 10 10 
Houston Milton 

Ll H. A. 150 Mimosa Avenue Landscape 140 4 30 40 
Peacock Milton 

I.2 Sydney 6893 Yucatan Street Landscape 185 4 20 75 
Betz Milton 

la John 5951 Ogiesby Road Landscape 135 4 20 25 
Houanesian Milton 

L4 Lioyd Highway 164 
Bradley Jay 

Landscape 110 4 20 18 

I5 

L6 

Glen 
Strange 

Jack 
Sanbom 

Highway 87 
Allentown 

Rt 6 Box 283 

Landscape 196 4 20 35 

Landscape 100 4 20 10 

Jim 
McDonald 

Indian Ford Road Landscape 67 4 20 40 
Milton 



TABLE 3 

GENERAL INFORMATION FROM THE PRIVATE WELL SURVEY 

Location Owner’s Location Address Well Use Well Depth Casing Screen Well Capacity 
Identifier Name (Feet) Diameter Length (Gallons/Min) 

(Inch) (Feet) 

Li3 Tom Sasser 6815 Yucatan Street Landscape 180 4 20 30 
Milton 

-I2 

LlO 

Lll 

L12 

L. F. Hair 6105 Sheree Drive Landscape 131 4 WA 25 
Milton 

Pete Route 1 Box 289-E Landscape 160 4 20 40 
Singletary Milton 

G. W. 200 Chestnut Street Landscape 138 4 20 30 
McCreless Milton 

K. E. Smith 100 Camilia Ave Landscape 132 4 20 30 
Milton 

L13 Lou E. Rich 14 Happy Lane Landscape 120 4 20 20 
Milton 

L14 

L15 

L16 

Llf 

L18 

Jack 

Sexton 

Max 

Calhoun 

Atwood 

Kimbrough 

Hugh 

Hosner 

Max Myers 

6661 Farwood Drive Landscape 140 4 20 40 
Milton 

7601 Lakeside Drive Landscape 140 4 20 40 
Milton 

5720 Loring Drive Landscape 135 4 20 40 
Milton 

Tanglewood East Landscape 143 4 20 25 
Milton 

5907 Hogan’s Alley Landscape 136 4 20 25 
Milton 

Ll9 Floyd T. 6349 Fairfield Drive Landscape 135 4 20 50 

lwl Milton 

I20 Benjamin 6212 Greenwood Drive Landscape 140 4 20 50 
Ross Milton 

5 .I-\-,-. &I,* .I- r.-.- A..,:I,LI- 
- NV I t; N/H = NO uma nvallaula 
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GENERAL INFORMATION FROM THE PRIVATE WELL SURVEY 

Location Owner’s Location Address Well Use Well Depth Casing Screen Well Capacity 
Identifier Name (Feet) Diameter Length (Gallons/Mln) 

(Inch) (Feet) 

L21 Donald 7251 Pine Blossom Road Landscape 170 4 20 25 
McCullough Milton, FL 

i22 Richard 6725 Camelot Road Landscape 120 4 20 20 
Contini Milton, FL 

i.23 Larry F. 5899 Hogans Way Landscape 140 4 20 25 
Lanham Milton, FL 

U4 David E. 5916 Stadite Lane Landscape 165 4 20 20 
Vlck Milton, FL 

L25 Mike 5901 Country Club Road Landscape 125 4 20 25 
McClellan Milton, FL 

L28 Jacob M. 6229 Pine Blossom Road Landscape 130 4 20 50 
McGlothlin Milton, FL 

L27 Joseph 802 Cynthia Street Landscape 120 4 20 20 
Gentry Milton, FL 

L28 The ARC of 407 Dixie Road Landscape 125 4 25 50 
Santa Rosa Milton, FL 
County, Inc. 

L29 Vincent 6025 Osage Trail Landscape 135 4 20 20 
Madarang Milton, FL 

L30 Perry F. 902 lark Avenue Landscape 130 4 20 25 
McKinney Milton, FL 

i31 Thomas 6007 Laurel Wood Drive landscape 135 4 20 25 
Rdllns Milton, FL 

i32 JOY 5871 Hogan’s Alley Landscape 130 4 20 25 
Golden Milton, FL 

l33 George F. 719 Westwood Drive Landscape 155 4 20 20 
Broxson Milton, FL 

I 



TABLE 3 

GENERAL INFORMATION FROM THE’PRIVATE WELL SURVEY 

Location Owner’s Location Address Well Use Well Depth Casing Screen Well Capacity 
Identifier Name (Feet) Diameter Length (Gallons/Mln) 

(Inch) (Feet) 

L34 Edwin 6234 Pine Terrace Circle Landscape 220 4 20 40 
Salter Milton, FL 

l35 Buddy 6033 Breckenridge Drive Landscape 140 4 20 25 
Powell Milton, FL 

i36 Gregory 7427 Pine Lake Circle Landscape 95 4 20 25 
Anchors Milton, FL 

l37 Joseph 3632 Tiger Point Blvd. Landscape 25 2 5 35 
Tucker, Ill Gulf 

L38 Rdand C. 714 Glendale Drive Landscape 135 4 10 25 
Godfrey Milton, FL 

L39 Theodore 718 Bruce Street Landscape 127 4 20 20 
M. McNlel Milton, FL 

L40 Bill Zuhlke 13 Polaris Drive Landscape 165 4 10 20 
Milton, FL 

L41 Harvey 102 Chaver Street Landscape 120 2 5 10 
Chavers Milton 

L42 Russell 228 Swanner Road Landscape 170 4 20 60 
Sauls Mllton, FL 

L43 A. R. 174 Running Iron Landscape 125 4 20 30 
DeHate Milton, FL 

L44 Richard R. 146 Running Iron Road Landscape 126 4 20 30 
Cook Milton, FL 

L45 GUY 1110 Country Squire Drive Landscape 147 4 20 80 
Cooper Milton, FL 

h/A = No Data Available 



1 .E 3 

GENERAL INFORMATION FROM THE “PRIVATE WELL SURVEY 

Location Owner’s Location Address Well Use Well Depth Casing Screen Well Capacity 
Identifier Name (Feet) Diameter Length (Gallons/Mln) 

(Inch) (Feet) 

L46 George 1114 Country Squire Drive Landscape 140 4 20 50 
Maynard Milton 

L47 Lester B 2153 Pine Blossom Road Landscape 148 4 10 30 
Knoblock Milton 

L48 John B. 1115 Country Squire Road Landscape 140 4 20 50 
Ducker Milton 

L49 W. C. Reak 2202 Jays Way Landscape 136 4 10 35 
Milton 

I50 

L51 

L52 

L53 

I54 

L55 

Paul R. 
Green 

Thomas V. 
Hdland 

Dewitt 
Haden 

Hugh 
Armstrong 

Fernando 
Hosea 

Donald Hart 

222 Oakland Drive Landscape 76 4 28 80 
Milton 

6128 Dutch Way Landscape 140 4 15 40 
Milton 

5867 Hogan’s Alley Landscape 145 4 15 40 
Milton 

1650 Shamrock Street Landscape 162 4 20 20 
Milton 

2103 Wlndham Landscape 140 4 15 20 
Milton 

Route 3, Box 279-C Landscape 120 4 20 10 
Milton 

i56 Ashborough 2800 Dogwood Drive Landscape 120 4 15 50 
Village Milton 

l57 Dennis 5501 Willard Norris Road Landscape 146 4 20 20 
Hanhun Miltnn . . . . ..V.. 

L58 R. D. 556 Cherry Laurel Drke Landscape 140 4 15 35 
Robinson Milton 

h/A = No Data Available 
.- 

. 



TABLE 3 

GENERAL INFORMATION FROM THE’PRIVATE WELL SURVEY 

I 

Location Owner’s Location Address Well Use Well Depth Casing Screen Well Capacity 
Identifier Name (Feet) Diameter Length 

(inch) (Feet) (Gallons/Mln) 

I59 Scott Steel Milton ind.Park Progress Drive Landscape 150 4 30 60 
Milton 

L60 Russell industrial Boulevard Landscape 135 4 15 60 
Corporation Milton 

L61 Donald 397-D Starlight Drive Landscape 65 2 10 25 
Norris Milton 

- .- a..-11-m-m- ‘- NUIL=: N/H = NO ua[a Availame 
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APPENDIX C-l 

DERIVATION OF SURFACE SOIL AND GROUNDWATER SCREENING 
CONCENTRATIONS OF ESSENTIAL NUTRIENTS FOR HHCPC SELECTION 



DERIVATION OF SURFACE SOIL AND GROUNDWATER SCREENING 
CONCENTRATIONS FOR HHCPC SELECTION, I' 

Certain inorganics (calcium, iron, magnesium, potassium, and sodium) that are 
present as naturally occurring constituents in soil and groundwater are required 
in limited intakes to maintain normal human physiological functions, and are 
therefore considered essential nutrients. The Risk Assessment Guidance for 
Superfund (RAGS), Volume I, Part A, regarding the treatment, of essential 
nutrients in selection of human health contaminants of potential concern 
(HHCPCs), states that essential nutrients need not be quantitatively evayluated 
in a public health risk assessment if they are (1) present at low concentrations 
(only slightly above background), and (2) toxic only at doses much higher than 
those that might be related to exposure at the site (U.S. Environmental 
Protection Agency, [USEPA], 1989). In this report, "only slightly above 
background" is interpreted to mean that the arithmetic mean of the site 
concentrations is less than two times the arithmetic mean of the background 
concentrations. The focus of this section of the document is,the technical 
approach for determining that an analyte is "toxic only at doses higher than 
those associated with exposures at the site and establishing a mechanism for 
making that determination by employing soil and groundwater screening concentra- 
tions. The screening concentrations are used to streamline the process and to 
eliminate the need to calculate essential nutrient doses as part of HHCPC 
selection at every site. If the maximum concentration of an essential nutrient 
does not exceed the appropriate screening concentration shown below, the 
essential nutrient is considered nontoxic. Essential nutrients are not retained 

\, 
as HHCPCs if they are detected at concentrations that are either consisten't with 
background or do not exceed the screening concentrations. I 

ABB Environmental Services, Inc. (ABB-ES), has derived surface soil and 
groundwater screening concentrations of essential nutrients that, &hen contacted 
in accordance with the exposure assumptions described below, are not expected to 
result in adverse health effects. The screening concentrations for groundwater 
and surface soil are presented in Table C-l-l. The essential nutrient 
concentrations in surface soil and groundwater are to be compared directly to the 
nutrient screening concentrations for the purposes of HHCPC selection. The 
information for iron is presented here only for discussion. The Region III Risk- 
Based Concentrations have been used in the HHCPC selection process. 

Documentation of Surface Soil and Groundwater Screening Concentrations. The 
essential nutrient toxicity screening concentrations were derived in two steps: 
first, a "nontoxic" dose was identified for each essential nutrient; second, the 
soil and groundwater concentrations associated with the "nontoxic" doses were 
calculated using standard residential exposure assumptions. The details of the 
derivation of the screening values are presented below. 

Identification of Nontoxic Doses. The identification of doses that are not toxic 
is often accomplished by identifying Reference Doses (RfDs) published by TJSEPA. 
These RfDs represent doses, including a margin of safety, to which even sensitive 
subpopulations could be exposed for a lifetime without adverse noncarcinogenic 
effects. Because no RfDs for calcium, magnesium, potassium, or sodium are 
available in the Integrated Risk Information System (IRIS) (USEPA, 1996) or the 
Health Effects Assessment Summary Tables (HBAST) (USEPA, 1995), other published 

WHT-RIFS.GIR 
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Table C-l-l 
Essential Nutrient Screening Concentrations 

for Surface Soil and Groundwater 
!’ 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Essential Nutrient 
Surface Soil Screening Concentration Groundwater Screening Concentration 

b-w/W 019/~) 

Calcium ’ 1 ,ooo,ooo 1,055,398 

Iron 47,824 13,267 

Magnesium 460,468 118,807 

Potassium ’ 1 ,ooo,ooo 297,016 

Sodium ’ 1 ,ooo,ooo 396,022 

’ Actual calculated screening concentration is greater than l,OOO,OOO mg/kg (Table C-1-5), indicating that this essential 
nutrient would not be present at toxic levels in surface soil. 

._, b 
Notes: As described in the section, screening concentrations for surface soil and groundwater represent conservative 

screening concentrations for other media. These surface soil and groundwater screening concentrations are 
used to screen sediment, subsurface soil, sludge, and surface water, respectively. 

mg/kg = milligrams per kilogram. 
pg/kg = micrograms per kilogram. 

WHT-RIFS.GIR 
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nontoxic doses were sought out. Recommended Dietary Allowances (RDAs) prepared 
by the Food and Nutrition Board (FNB) of the National Research Council (NRC, 
1989) have been selected here to represent nontoxic doses. 

RDAs are defined by the FNB as "the levels of intake of essential nutrients that, 
on the basis of scientific knowledge, are judged by the Food and Nutrition Board 
to be adequate to meet the known nutrient needs of practically all healthy 
persons." It is assumed here that, because the RDA represents a requirement for 
good nutrition, it also represents a dose that is nontoxic. Although some 
essential nutrients (arsenic, for example) have been classified as carcinogens, 
none of the five nutrients discussed here have been classified as carcinogens. 
The available RDA data for calcium, iron, magnesium, potassium, and sodium are 
presented in Table C-l-2. From this data set, RDAs for children were preferen- 
tially selected to coincide with the child exposure scenario. RDAs were 
converted from units of milligrams per day (mg/day) to units of milligrams per 
kilogram per day (mg/kg/day) by dividing the RDA by the child resident body 
weight of 15 kg (USEPA, 1991). Dermal RDAs were developed by adjusting the oral 
RDA to compensate for the oral absorption efficiency in a manner similar to that 
presented in Appendix A of RAGS, Volume I, Part A (USEPA, 1989). 

Calculation of Screening Concentrations. Risk-basedscreening concentrations for 
essential nutrients were derived by estimating concentrations in soi:L and 
groundwater that correspond to the RDAs for a residential exposure scenario. 
When the dose is equal to the RDA, the hazard quotient for the situation would 

- equal one. When the concentration of an essential nutrient and the associated 
hazard quotient are known, only a simple calculation is needed to identify the 
concentration associated with a hazard quotient of 1. Once that information was 

i available, the equality was used to calculate screening soil concentration with 
the target hazard quotient equal to 1. 

Screening groundwater concentrations were calculated in a similar manner. 

To derive screening concentrations that would be protective to the majority of 
the exposed population, the exposure assumptions for the most sensitive receptor 
(e.g., a child resident) were used. For groundwater, screening concentrations 
were based on ingestion of groundwater as drinking water. For surface soil, 
screening concentrations were based on ingestion of surface soil and dermal 
contact with surface soil. Child resident exposure to surface soi:L and 
groundwater used as drinking water is usually greater than or equal to oral and 
dermal exposure to media treated as soil and groundwater, respectively, for 
exposure assessment. Therefore, screening values for surface soil represent 
conservative screening values for sediment, subsurface soil, and sludge, and 
screening values for groundwater used as drinking water represent conservative 
screening values for surface water. 

The calculated essential nutrient screening concentrations for surface soil and 
groundwater are presented in Table C-l-3. These values represent the concentra- 
tions of individual essential nutrients inmedia that, if contacted in accordance 
with the exposure parameters used to derive the screening concentration, would 
theoretically result in the receptor receiving his or her recommended dietary 
allowance of an essential nutrient solely from the contacted media. For some 
nutrients, the calculated screening concentrations exceed l,OOO,OOO mg/kg (i.e., 
100 percent). Such concentrations indicate that no concentration of nutrient in 
the particular medium would result in an intake that exceeds the RDA, given the 

WHT-RlFS.GIR 
PMW.Ol.98 c-1-3 



Table C-l-2 
Recommended Dietary Allowances’ 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Nutrient RDA Age 
(years) 

Oral 
Absorption 

(“W 

Typical 
Dietary Intake 

@w/day) 

Toxicity 
Threshold 

kw/W) 

Oral RDA 

(mg/WWz 

Dermal RDA 

hdWday)3 

Calcium KKI OWday) 1 to 10 40 743 (average of all ages) NA 53.3 21.2 

1200 (mg/day) 11 to24 1,179 NA 

800 bg/dw) >24 743 (average of all ages); 530 > 2,500 
(women ages 35 to 50) 

Iron 10 (w/day) 1 to 20 10 to 15 10 to 15 25 to 75 (NOAEL); 0.67 0.067 
3,000 (lethal) 

15 bWday) >20 10 to 15 25 to 75 (NOAEL); 
14,000 (lethal) 

Magnesium 6 bw/Wday) 1 to 15 50 193 (age 1 to 5) NA 6 3 

4.5 b-@WW >I5 207 to 329 NA 

=otassium 15 to 20 (mg/kg/day) 1 to 10 90 1500 NA 15 13.5 

1,600 to 2,000 (mg/day) >20 2500 18,000 
(hyperkalemia) 

Sodium 300 bw#W) 2 to 5 490 NA NA 20 18 

500 @WW Adult 1,800 to 5,000 2,400 (intake not 
to be exceeded) 

All data are from the National Resource Council (1989). 
! Adjusted oral RDA calculated by dividing the RDA (mg/kg) by the bodyweight of a child, ages 1 to 6 (15 kg) 
’ Adjusted dermal RDA calculated by multiplying the oral RDA by the oral absorption efficiency (USEPA, 1989). 

(USEPA, 1991); RDAs provided in mg/kg/day were not modified. 

Oral absorption data not available: value for potassium used as a surrogate based on physio-chemical similarities. 

dotes: % = percent. 
RDA = recommended daily allowance. 
mg/day = milligrams per day. 
mg/kg = milligrams per kilogram. 
mg/kg/day = milligrams per kilogram per day. 
NA = not applicable. 
z = greater than. 
NOAEL = no observed adverse effect level. 
USEPA = U.S. Environmental Protection Agency. 



Table C-l-3 
Theoretical Essential Nutrient Screening Concentrations 

for Surface Soil and Groundwater 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Essential Nutrient 
Surface Soil Screening Concentration Groundwater Screening Concentration 

@w/kg)’ tJ&l/~)’ 

Calcium 34,070,824 

Iron 47,824 

Magnesium 460,468 

Potassium ‘1,160,864 

Sodium 31,547,819 

’ Surface soil screening concentrations calculated as described in text, using RDAs presented 
in Table C-l-2. 
* Groundwater screening concentrations calculated as described in, text, using RDAs presented 
in Table C-l-2. 
3 The calculation of a screening concentration larger than 1 ,OOO,OOO mg/kg indicates that no 
concentration results in an intake greater than the RDA, given the standard exposure 
parameters. 

1,055,398 

13,267 

118,807 

297,016 

396,022 

Notes: mg/kg = milligrams per kilogram. 
mug/P = micrograms per liter. 
RBA = recommended daily allowance. 

WHT-!?IFS.GIR 
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exposure assumptions on which the screening value is based. Because these 
screening concentrations do not take into account the additivity of exposures 
between media (and other dietary intakes, including food), a receptor exposed to 
essential nutrients that are present in multiple media at the screening 
concentrations would, in essence, be receiving more than his or her recommended 
dietary allowance of nutrient. However, data provided in Table C-l-2 indicate 
that the toxicity threshold for most essential nutrients is several times greater 
than the RDA; the RDA is not a toxicity threshold value. Therefore, these 
screening concentrations do notrepresentconcentrations that, if exceeded, would 
necessarily result in deleterious effects. 

WHT-RIFSGIR 
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APPENDIX C-2 

HUMAN HEALTH PARAMETERS 



Table C-2-l 
Exposure Parameters for Surface Soil Ingestion, Inhalation, and Dermal ,‘ontact h 

Resident (Adult and Child) I 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

INTAKE+= 
CSXIR,il xFIxCFxEFxED 

BWxATx365days/year 

D4vent = CSxAFxABS,xCF 

=NTAKEdemal = 
DA ,,,xSAxEFxED 

BWxATx365days/year 
(adultonly) 

DA 
=mAKEdemal = 

eventXSAscil/adjXEF 

ATx365daysjyeax 
(childonly) 

INTAKEid= 
CAxIR,,, xETxEFxED 

BWxATx365days/year 

cx = csx 0-x (~/PEF) 

Parameter 

Concentration in Soil 

Soil Ingestion Rate 

Fraction Ingested 

Conversion Factor 
lnorganics 

Symbol 

cs 

IRS, 

FI 

CF 

Child Value 
(Ages 1 to 6) 

Chemical-Specific 

200 

100% 

1 x10m6 

Adult Value Units Source 

Chemical-Specific Chemical-Specific 

100 mg/day [2] 

100% unitless ; Assumption 

1x10-6 kg/m9 
Organics CF 1 X10’S 1x10-s 

Exposure Frequency 

Exposure Duration 

Exposure Time [l] 

See notes at end of table. 

EF 350 

ED 6 

ET 24 

350 days/year 

24 years 

16 hours/day 

Assumption 

[2] 

[2] 

WHT-RIFS.GIR 
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Table C-2-l (Continued) I’ 
Exposure Parameters for Surface Soil ingestion, Inhalation, and Dermal Contact 

Resident (Adult and Child) I 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Parameter 

Averaging Time 
Cancer 
Noncancer 

Surface Area 

Age-Weighted Surface 
Area 

Symbol 

AT 

SA 

SLil,*dj 

Child Value 
(Ages 1 to 6) 

70 
6 

NA 

766 

Adult Value 

70 
24 

5750 

NA 

Units 

years 
years 

cm’ 

cm’-year/kg 

Source 

PI 
PI 

[31 

Appendix C-5 

Dose Absorbed per Unit 
Area per Event 

Particulate Emission 
Factor 

W”., 

PEF 

Chemical-Specific 

Site-Specific 

Chemical-Specific 

Site-Specific 

mg/cm’-event 

m3/kg 

[31 

Appendix C-3 

Inhalation Rate 

Body Weight 

Adherence Factor 

Absorption Fraction 

Concentration in Air 

References: 

ISi, 

BW 

AF 

ABS, 

CA 

0.625 

15 

1 

Chemical-Specific 

Chemical-Specific 

0833 

70 

1 

Chemical-Specific 

Chemical-Specific 

m’/hour 

kg 
mg/cm’-event 

unitless. 
‘, 

mg/m3 j 

I 

I841 

PI 

[31 

r41 

Appendix C-3 

VI Exposure Time is used only in the Inhalation of Particulates Scenario; see Appendix C-3. 

PI USEPA. 1991. Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Parameters. 

[31 USEPA. 1992. Dermal Exposure Assessment: Principles and Applications. EPA/600/8-91 /Ol 1 B: (January). 

141 USEPA. 1995. USEPA Region IV Guidance Bulletin No. 3; (November). 

Notes: % = percent. 
mg/kg = milligrams per kilogram. 
&kg = micrograms per kilogram. 
mg/day = milligrams per day. 
cm* = square centimeter. 
cm’-year/kg = centimeters squared per year per kilogram. 
mg/cm*-event = milligrams per square centimeter per event. 
m3/kg = cubic meters per kilogram. 
m3/hour = cubic meters per hour. 
mg/m3 = milligrams per cubic meter. 

WHT-RIFS.GIR 
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Table C-2-2 
Exposure Parameters for Surface Soil Ingestion, Inhalation, and Dermal Contact 

Trespasser (Adult and Adolescent) 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Ih'TAKEi,g= 
CSxIR,,,,xFIxCFxEFxED 

BWxATx365days/year 

DAevent = CSxAFxABS,xCF 

DA 
=m~dermal = 

.,,xSAxEFxED 
BWxATx365 days/year 

(adultonly) 

DA 
=mAmdermal = 

~V~~tXSASOil/~djXEF (chi~don~y) 

ATx365 days/year 

INTAKEid= 
CAXIR,~,XETXEFXED 

BWxATx365 days/year 

CA = csx CFX (i/PEF) 

Parameter Symbol 
Adolescent Value 

(Ages 7 to 16) 
Adult Value Units Source 

Concentration in Soil 

Particulate Emission 
Factor 

Dose Absorbed per Unit 
Area per Event 

Soil Ingestion Rate 

Fraction Ingested 

Conversion Factor 
lnorganics 

CS Chemical-Specific Chemical-Specific Chemical-Specific 

PEF Site-Specific Site-Specific m3/kg Appendix C-3 

DA..., Chemical-Specific Chemical-Specific mg/m’-event Ii31 

h,, 100 100 mg/day Assurnption 

FI 100% 100% unitless Assurnption 

CF 1 x10* 1 x 1o-g kg/mg 
Organics CF 1x10* 1 x1cr9 Q/m 

Exposure Frequency 

Exposure Duration 

Exposure Time [l] 

See notes at end of table. 

EF 

ED 

ET 

45 45 days/year Assumption 

10 20 years PI 
4 4 hours/day Assumption 

WHT-RIFS.GIR 
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Table C-2-2 (Continued) 
Exposure Parameters for Surface Soil Ingestion, Inhalation, and Dermal Contact 

Trespasser (Adult and Adolescent) 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Parameter 

Averaging Time 
Cancer 
Noncancer 

Surface Area 

Age-Weighted Surface 
Area 

Inhalation Rate 

Body Weight 

Adherence Factor 

Absorption Fraction 

Concentration in Air 

References: 

Symbol 
Adolescent Value 

(Ages 7 to 16) 
Adult Value Units Source 

AT 
70 70 years PI 
10 20 years Assumption 

SA NA 5750 cm2 [31 

sAsoil,a+i 1013 NA cm*-year/kg Appendix C-5 

ISi, 0.625 0.833 m’/hour [2,41 

BW 45 70 kg [Z451 

AF 1 1 mg/cm’-event 131 

ABS, Chemical-Specific Chemical-Specific unitless 141 
CA Chemical-Specific Chemical-Specific w/m3 Appendix C-3 

PI 
PI 

131 
[41 
PI 

Exposure Time is used only in the Inhalation of Particulate Scenario; see Appendix C-3. 
USEPA. 1991. Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure 

Parameters. 

USEPA. 1992. Dermal Exposure Assessment: Principles and Applications. EPA/600/8-91/011 B; (January). 
USEPA. 1995. USEPA Region IV Bulletin No. 3; (November 1992). 
USEPA. 1989. Exposure Factors Handbook; EPA/600/8-89/043: (July). 

Notes: % = percent. 
mg/kg = milligrams per kilogram. 
,ug/kg = micrograms per kilogram. 
mg/day = milligrams per day. 
cm2 = square centimeter. 
cm’-year/kg = centimeters squared per year per kilogram. 
mg/cm’-event = milligrams per square centimeter per event. 
m3/kg = cubic meters per kilogram. 
m3/hour = cubic meters per hour. 
mg/m3 = milligrams per cubic meter. 
NA = not applicable. 

WHT-RIFS.GIR 
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Table C-2-3 
- 

Exposure Parameters for Surface Soil Ingestion, Inhalation, and Dermal Contact 
Site Maintenance Worker (Adult) 

Remedial investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

INZAKEing= 
CSXIR,,il XFIxCFxEFxED 

BWxATx365days/year 

INTAKEi*= 
CAxIR,,, xETxEFxED 

BWxATx365days/year 

DA 
=mAmdennal = 

.,,xSAxEFxED 
BWxATx365 days/ year 

CA=CXCFX (l/PEF) 

Parameter 

Concentration in Soil 

Particulate Emission Factor 

Soil Ingestion Rate 

Fraction Ingested 

Conversion Factor 
lnorganics 

DAeve*t = CSxAFxABS,xCF 
- 

Symbol Adult Value I Units I Source - 
cs Chemical-Specific Chemical-Specific 

PEF Site-Specific m3/kg Appendix C-3 

ISOil 50 w/day [41 
FI 100% unitless Assumption 

CF 1 XW kg/w 
Organics CF 1 x10-9 

Exposure Frequency 

Exposure Duration 

Exposure Time [l] 

Averaging Time 
Cancer 
Noncancer 

Surface Area 

Inhalation Rate 

See notes at end of table. 

EF 

ED 

ET 

AT 

SA 

1% 

30 days /year 

25 years 

8 hours/day 

70 years 
25 years 

5,750 cm* 

2.5 m3/hour 

Assumption 

Assumption 

Assumption 

PI 
PI 

[31 
[41 - 

- 

WHT-RIFS.GIR 
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Table C-2-3 (Continued) 
Exposure Parameters for Surface Soil Ingestion, Inhalation, and Dermal Contact 

Site Maintenance Worker (Adult) 

Parameter 

Body Weight 

Adherence Factor 

Absorption Fraction 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Symbol Adult Value Units 

BW 70 kg 

AF 1 I,, mg/cm*-event 

ABS, Chemical-Specific unitless 

I Source 

131 
[41 

[51 
Concentration in Air CA Chemical-Specific Appendix C-3 

References: 

PI Exposure time is only used in the inhalation of particulates scenario; see Appendix C-3. 

PI U.S. Environmental Protection Agency (USEPA). 1991. Human Health Evaluation Manual, Supplemental 

Guidance: Standard Default Exposure Parameters. 

[31 USEPA. 1992. Dermal Exposure Assessment: Principlles and Applications. EPA/600/8-91/011 B: 
(January). 

[41 USEPA. 1995. USEPA Region IV Bulletin No. 3: (November). 

Notes: m3/kg = cubic meters per kilogram. 
mg/day = milligrams per day. 
% = percent. 
kg/mg = kilograms per milligram. 
kg/pg = kilograms per microgram. 
days/year = days per year. 
hours/day = hours per day. 
cm* = centimeters squared. 
m3/hour = cubic meters per hour. 
kg = kilogram. 
mg/cm’-event = milligrams per centimeters squared per event. 
mg/m3 = milligrams per cubic meter. 

WHT-RIFS.GIR 
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Table C-2-4 
- 

Exposure Parameters for Surface and Subsurface Soil Ingestion, 
Inhalation, and Dermal Contact Excavation Worker (Adult) 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida - 

INTAming= 
CSXIR,,il xFIxCFXEFXED 

BWxATx365days/year 

INTAKEiti= 
CAxIR,,, xETxEFxED 

BWxATx365days/year 

CA = csx CFX (~/PEF) 

DA even c =CSxAFxABS,xCF 

DA 
~mAKEdemal = 

.,,xSAxEFxED 
BWxATx365days/year 

Parameter 

Concentration in Soil 

Particulate Emission Factor 

Soil Ingestion Rate 

Fraction Ingested 

Conversion Factor 
lnorganics 
Organics 

Exposure Frequency 

Exposure Duration 

Exposure Time [l] 

Averaging Time 
Cancer 
Noncancer 

Surface Area 

Inhalation Rate 

Body Weight 

See notes on following page. 

Symbol 

cs 

PEF 

IRoi, 

FI 

CF 
CF 

EF 

ED 

ET 

AT 

SA 

19;. 

BW 

- 
Adult Value I Units I Source 

- 
Chemical-Specific Chemical-Specific 

Site-Specific m3/kg Appendix C-3 

480 mg/day PI 
100% unitless Assumption 

1x10-6 kg/w 
1 xlo.0 kg/m 

30 days/year Assumption 

1 years Assumption 

8 hours/day Assumption 

70 years PI 
1 years PI 

5,750 cm2 131 
2.5 m3/hour PI 

70 kg PI _ 

- 

WHT-RIFS.GIR 
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Table C-2-4 (Continued) 
Exposure Parameters for Surface and Subsurface Soil Ingestion, 

Inhalation, and Dermal Contact Excavation Worker (Adult) 

Remedial investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Parameter Symbol Adult Value Units Source 

Adherence Factor AF 1 mg/cm3-event (41 

Absorption Fraction ABS, Chemical-Specific unitless [41 

Concentration in Air CA Chemical-Specific m/m3 Appendix C-3 

111 
PI 

131 

Exposure time is only used in the inhalation of particulates scenario: see Appendix C-3. 
U.S. Environmental Protection Agency (USEPA). 1992. Human Health Evaluation Manual, Supplemen- 

tal Guidance; Standard Default Exposure Parameters. 

USEPA. 1992. Dermal Exposure Assessment: Principles and Applications: EPA/600/8-91 /gl 1 B; 
(January). 

Notes: m3/kg = cubic meters per kilogram. 
mg/day = milligrams per day. 
% = percent. 
kg/mg = kilograms per milligram. 
kg/pg = kilograms per microgram. 
days/year = days per year. 
hours/day = hours per day. 
cm* = centimeters squared. 
m3/hour = cubic meters per hour. 
kg = kilogram. 
mg/cm’-event = milligrams per centimeters squared per event. 
mg/m’ = milligrams per cubic meter. 

WHT-RIFS.GIR 
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Table C-2-5 
Exposure Parameters for Surface Soil Ingestion, Inhalation, and Dermal Contact 

Occupational Worker (Adult) 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

INTAKEinP= 
CSXIR,,~~ xFIxCFxEFxED 

BWxATx365days/year 

INTAKE,,= 
CAXIR,i,XETXEFXED 

BWxATx365days/year 

CA = CS X CFX (l/PEF) 

DA*,c = CSxAFxABS,xCF 

=mAKEderznal = 
DA ,,,,,xSAxEFxED 

BWxATx365days/year 

Parameter 

Concentration in Soil 

Particulate Emission Factor 

Soil Ingestion Rate 

Fraction Ingested 

Conversion Factor 
lnorganics 
Organics 

Exposure Frequency 

Exposure Duration 

Exposure Time [l] 

Averaging Time 
Cancer 
Noncancer 

Surface Area 

Inhalation Rate 

See notes on following page. 

Symbol Adult Value 

cs Chemical-Specific 

PEF Site-Specific 

IL,, 50 

FI 100% 

CF 1 x10-6 

I Units Source 

Chemical-Specific 

ma/kg Appendix C-2 

w/day PI 
unitless Assumption 

Wmg 
CF 

EF 

ED 

ET 

AT 

SA 

ISi, 

1 x10.9 kg/m 

250 days/year 

25 years 

a hours/day 

70 years 
25 years 

2300 cm2 

0.833 m3/hour 

PI 
PI 

Assumption 

PI 
PI 
131 
PI - 

- 

WHT-RIFS.GIR 
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Table C-2-5 (Continued) 
Exposure Parameters for Surface Soil Ingestion, Inhalation, and Dermal Contact 

Occupational Worker (Adult) 

General Information Report 
Naval Air Station Whiting Field 

Milton, Florida 

Parameter 

Body Weight 

Concentration in Air 

Adherence Factor 

Absorption Fraction 

References: 

Symbol Adult Value 

BW 70 

CA Chemical-Specific 

AF 1 

AB$ Chemical-Specific 

Units 

kg 

m/m3 

mg/cm’-event 

unitless 

I Source 

PI 

Appendix C-3 

131 

[41 

PI Exposure time is only used in the inhalation of particulates scenario; see Appendix C-3. 

PI U.S. Environmental Protection Agency (USEPA). 1991. Human Health Evaluation Manual, Supplemental 

Guidance: Standard Default Exposure Parameters. 

r31 USEPA. 1992. Dermal Exposure Assessment: Principles and Appfications: EPA/600/6-91/011B; 
(January), p. a-10. 

[41 USEPA. 1995. USEPA Region IV Bulletin No. 3; (November). 

Notes: m3/kg = cubic meters per kilogram. 
mg/day = milligrams per day. 
% = percent. 
kg/mg = kilograms per milligram. 
kg/m = kilograms per microgram. 
days/year = days per year. 
hours/day = hours per day. 
cm’ = centimeters squared. 
m3/hour = cubic meters per hour. 
kg = kilogram. 
mgjm’ = milligrams per cubic meter. 
mg/cm*-event = milligrams per centimeters squared per event. 

f--b. 

WHT-RIFS.GIR 
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Parameter 

Concentration in Sediment 

sediment Ingestion Rate 

Yaction Ingested 

Conversion Factor 
lnorganics 
Organics 

( 

! 

f 

( 

E 

E 

I 

E 

1 

E 

, 

Exposure Frequency 

&posure Duration 

iveraging Time 
Cancer 
Noncancer 

3urface Area 

ige-Weighted Surface Area 

3ody Weight 

Adherence Factor 

Absorption Fraction 

See notes at end of table. 

Table C-2-6 
Exposure Parameters for Sediment Ingestion and Dermal Contad’ 

Resident (Adult and Child) I 

Symbol 

cs 

R.,,, 

FI 

CF 
CF 

Child Value 

(Age l-6) 

Chemical-Specific 

200 

100% 

1 x 10-6 
1 x 10-o 

Adult Value 

Chemical-Specific 

100 

100% 

1 xw 
1 x 10-s 

Units i 

Chemical-Specific 

mglday 

unitless 

kg/w 
kg/m 

Source 

PI 
Assurnption 

EF 

ED 

AT 

SA 

Wd.dj 

BW 

AF 

ABS, 

100 100 days/year Assumption 

6 24 years PI 

70 70 years VI 
6 24 years [‘II 

NA 5750 cm2 [:?I 

766 NA cm’-year/kg Appendix C-5 

15 70 kg [2] 

1 1 mg/cm*-event [2] 

Chemical-Specific Chemical-Specific unitless [:I] 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

INTAKEing= CSXIRsediment xFIxCFXEFXED 
BWxATx365days/year 

%v*nt =CSxAFxABS,xCF 

=NTAKE,,,,,1 = 
DA .,,xSAxEFxED 

BWxATx365days/year 
(adultonly) 

=NTAKEdennal = 
DA eventXSAsed/adjXEF 

ATx365 days/year 
(childonly) 

n , 

WHT-RIFS.GIR 
PMW.Ol.98 
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days/year = days per year. NA = not applicable. 

Table C-2-6 (Continued) 
Exposure Parameters for Sediment ingestion and Dermal Conta ,‘t IL 

Resident (Adult and Child) I 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

References: 

111 U.S. Environmental Protection Agency (USEPA). 1991. Human Health Evaluation Manual, Supplemental Guidance: 

Standard Default Exposure Parameters. 

PI USEPA. 1992. Dermal Exposure Assessment: Principles and Applications: EPA/600/8-91/0llB; (January). 

t31 USEPA. 1995. USEPA Region IV Bulletin No. 3; (November). 

Notes: mg/day = milligrams per day. 
% = percent. 
kg/mg = kilograms per milligram. 
kg/m = kilograms per microgram. 

cm* = centimeters squared. 
cm’-year/kg = centimeters squared per year per kilogram. 
kg = kilogram. 
mg/cm’-event = milligrams per centimeters squared per event. 

n 

WHT-RIFSGIR 
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Table C-2-7 
Exposure Parameters for Sediment Ingestion and Dermal Contact 

Trespasser (Adult and Adolescent) 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

INTAKEing= CSXIRsediment xFIxCFXEFXED 
BWxATx365 days/year 

DA event =CSxAFxAE+S,xCF 

INTAKEd~rml = 
DA .,,xSAxEFxED 

BWxATx365days/year 
(adultonly) 

~~~KEd.ermal = 
DA eventXSAsed/adjXEF 

ATx365days/year 

Parameter 

Concentration in Sediment 

Symbol 

cs 

Adolescent Value 
(Age 7-16) 

Adult Value Units Source 

Chemical-Specific Chemical-Specific Chemical-Specific 

Sediment Ingestion Rate 

Fraction Ingested 

Conversion Factor 
lnorganics 
Organics 

%.dim.ti 100 

FI 100% 

CF 1 X10T6 
CF 1 X10T9 

100 w&W 

100% unitless 

1x10* kg/w 

PI 
Assumption 

Exposure Frequency 

Exposure Duration 

Averaging Time 
Cancer 
Noncancer 

Surface Area 

Age-Weighted Surface Area 

Body Weight 

Adherence Factor 

Absorption Fraction 

See notes at end of table. 

EF 

ED 

AT 

SA 

skdkdj 

BW 

AF 

ABS, 

45 

1x10-s 

45 

10 20 

70 70 
10 20 
NA 5,750 

1013 NA 

45 70 
1 1 

Chemical-Specific Chemical-Specific 

kg/lug 

days/year 

years 

years 
years 

cm2 

cm’-year/kg 

kg 
mg/cm2-event 

uniiless 

Assumption 

II31 

I’ll 
111 

PI 
Appendix C-5 

[3,1] 

131 
[31 

WHT-RIFS.GIR 
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Table C-2-7 (Continued) 
Exposure Parameters for Sediment Ingestion and Dermal Contact 

Trespasser (Adult and Adolescent) 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

References: 

PI 

PI 
[31 

U.S. Environmental Protection Agency (USEPA). 1991. Human Health Evaluation Manual, Supplemental Guidance: 

Standard Default Exposure Parameters. 

USEPA. 1992. Dermal Exposure Assessment: Principles and Applications: EPA/600/6-Q’l/Ol l B; (January). 
USEPA. 1995. USEPA Region IV Bulletin No. 3; (November). 

Notes: mg/day = milligrams per day. cm* = centimeters squared. 
% = percent. cm*-year/kg = centimeters squared per year per kilogram. 
kg/mg = kilograms per milligram. kg = kilogram. 
kg/pg = kilograms per microgram. mg/cm’-event = milligrams per centimeters squared per event. 
days/year = days per year. NA = not applicable. 
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Table C-2-8 
Exposure Parameters for Surface Water Ingestion and Dermal Contact 

Resident Wader (Adult and Child) 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

INTAKEi,9= ~X=%urface water xCFlxEFxEDxETxCF3 
BWxATx365days/yeas 

D&m = K3venc x CWx CFl x CF2 

pc*wl t = Kp x ET (Inorganics only) 

pc*vmt = 2Kp X (6T X ET/Pi)SUPO.S (Organics only when ET < T*) 

P~ewnt = K~ x [(ET/(l+g)) + 2'~ X ((1+3B)/ (l+B) )I (Organics only when ET 2 T*) 

=NTAKE,ema, = 
DA .,txSAxEFxEDxEV (aduJtonly) 
BWxATx365days/year 

lm-dermal = 
DAevent * SA.w/adj X EF X EV 

AT x 365 days/year 
(childonly) 

Parameter 

Concentration in Surface Water 

Symbol 
Child Value 

(Age 1-6) 
Adult Value Units Soume 

cw Chemical-Specific Chemical-Specific Chemical-Specific 

Surface Water Ingestion Rate 

Conversion Factor 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Event Frequency 

Averaging Time 
Cancer 
Noncancer 

Surface Area 

CFl 
CF2 

ET 

EF 

ED 

Ev 

AT 

SA 

0.13 

0.001 0.001 m9/19 
0.001 0.001 liters/cm3 

2.6 2.6 hours/day 

45 45 days/year 

6 24 years 

1 1 events/day 

70 70 
6 24 
NA 5,750 

0.26 liters/day 

years 
years 

cm* 

[41 

I41 
[41 
[41 

Assumption 

111 
PI 
PI 

Age-Weighted Surface Area 

See notes on following page. 

NA cm=-year/kg Appendix C-5 
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Table C-2-8 (Continued) 
Exposure Parameters for Surface Water Ingestion and Dermal Contact 

Resident Wader (Adult and Child) 

f-3 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Parameter Symbol 

Body Weight BW 

Child Value 
(Age 1-6) 

15 

Adult Value 

70 

Units 

kg 

Source 

PI 
Diffusion Depth per Event pLlt Chemical-Specific Chemical-Specific cm/event [31 

Permeability Constant % Chemical-Specific Chemical-Specific cm/hour PI 
Time to Reach Steady State z* Chemical-Specific Chemical-Specific hour PI 
Tau T Chemical-Specific Chemical-Specific hour PI 
Partition Coefficient B Chemical-Specific Chemical-Specific dimensionless PI 
References: 

I 

PI USEPA. 1991. Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Parameters. 

PI USEPA. 1992. Dermal Exposure Assessment: Principles and Applications. EPA/600/8-91/011 B: (January). 

131 Calculated per USEPA, 1992 [3]; see Appendix B-7. 

141 USEPA. 1995. USEPA Region IV Bulletin No. 3; (November). 

Notes: liters/day = liters per day. 
mg/pg = milligrams per microgram. 
liters/cm 3 = liters per centimeter cubed. 
days/hours = days per hour. 
hours/day = hours per day. 
days/year = days per year. 
events/day = events per day. 
cm2 = centimeters squared. 
kg = kilogram. 
cm/event = centimeter per event. 
NA = not applicable. 
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Table C-2-9 
Exposure Parameters for Surface Water Ingestion and Dermal Contact 

Trespasser (Adult and Adolescent) 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

INTAKEi,s= 
CWxIRsuIface Waters CFl xEFxED 

BWxATx365days/year 

PCWC3, t = Kp x [(ET/(l+B)) + 2T x ((1+3B)/ (l+B) )I (Organics only when ET 2 T* 

D43,t = p=e, t x CWx CFl x CF.2 

pceven t = Kp x ET (Inorganics only) 

pcevm c = 2Kp x(6T x ET/Pi)SUPQ.5 (Organics only when ET < +*) 

=mAKEdermal = 
DA ,,,xSAxEFxEDxEV 
BWxATx365days/year 

(adultonly) 

I~~KE,,,,,, = 
DA event ' sAsw/adj ' EF x EV 

AT x 365 days/year 
(childonly) 

Parameter Symbol 

Zoncentration in Surface Water cs 

Adolescent Value 
(Age 7-16) 

Adult Value Units 

Chemical-Specific Chemical-Specific Chemical-Specific 

Source 

Surface Water Ingestion Rate 

3action Ingested 

Conversion Factor 

sposure Frequency 

sposure Duration 

Event Frequency 

Exposure Time 

Averaging Time 
Cancer 
Noncancer 

Surface Area 

See notes on following page. 

cNfw. V.1H 

FI 

CFl 
CF2 

EF 

ED 

Ev 

ET 

AT 

SA 

0.026 0.026 liters/day 

100% 100% unitless 

0.001 0.001 m/m 
0.001 0.001 liters/cm” 

45 45 days/year 

10 20 years 

1 1 events/day 

2.6 2.6 hours/day 

70 70 years 
10 20 years 

NA 5,750 cm2 

PI 
Assumption 

PI 

PI 
Assurnption 

[ffjl 

VI 
PI 

r:31 
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Table C-2-9 (Continued) 
Exposure Parameters for Surface Water Ingestion and Dermal Contact 

Trespasser (Adult and Adolescent) 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Parameter 

Age-Weighted Surface Area 

Body Weight 

Diffusion Depth per Event 

Permeability Constant 

Time to Reach Steady State 

Tau 

Partition Coefficient 

References: 

Symbol 

W w/adj 

BW 

PLti 

K, 

T* 

T 

6 

Adolescent Value 
(Age 7-16) 

Adult Value Units Source 

1013 NA cm*-year/kg Appendix C-5 

45 70 kg [12,561 

Chemical-Specific Chemical-Specific cm/event [41 
Chemical-Specific Chemical-Specific cm/hour [31 
Chemical-Specific Chemical-Specific hour [31 

Chemical-Specific Chemical-Specific hour [31 
Chemical-Specific Chemical-Specific dimensionless [31 

PI 

PI 
r31 
141 
151 
PI 

U.S. Environmental Protection Agency (USEPA), 1988. Superfund Exposure Assessment Manual; EPA/540/i-88/001; April 
1988. 
USEPA. 1991. Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure Parameters.” 
USEPA. 1992. Dermal Exposure Assessment: Principles and Applications. EPA/600/8-91/01lB: (January). 
Calculated per USEPA, 1992 [3]; see Appendix B-7. 
USEPA. 1989. Exposure Factors Handbook. EPA/600/8-89/043; (May). 
USEPA. 1995. USEPA Region IV Bulletin No. 3; (November). 

Notes: liters/day = liters per day. 
% = percent. 
mg/pg = milligrams per microgram. 
liters/cm3 = liters per centimeter cubed. 
days/hour = days per hour. 
days/year = days per year. 
events/day = events per day. 
hours/day = hours per day. 
cm2 = centimeters squared. 
kg = kilogram. 
cm/event = centimeter per event. 
NA = not applicable. 
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Table C-2-10 
Exposure Parameters for Groundwater Ingestion and Inhalation of Vapors 

Adult Residents 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

INTAKEins= 0J-x =R"a te.r xCFlxEFxED 
BWxATx365daysjyear 

INTAKE,,= CAair XETxEFxED 
CF2xATx365days/year 

Parameter Symbol 
Child Value 

(age l-6) 
Adult Value Units Source 

Concentration in Groundwater 

Water Ingestion Rate 

Conversion Factor 

Exposure Frequency 

Exposure Duration 

Averaging Time 
Cancer 
Noncancer 

Body Weight 

Concentration Shower Air 

Exposure Time [l] 

References: 

cw 

Rat.< 

CFl 
CF2 

EF 

ED 

AT 

BW 

@hi. 

ET 

Chemical-Specific Chemical-Specific pg/liter 

1 2 liters/day WI 

0.001 0.001 m/119 
24 24 hours/day 

350 350 days/year PI 
6 24 years PI 

70 
6 70 years PI 

24 years PI 
15 70 kg PI 

NA Appendix C-4 m/m3 [31 
NA 0.2 hours/day [41 

PI Exposure time is only used in the inhalation of volatiles while showering scenario; see Appendix C-4. 

PI US. Environmental Protection Agency (USEPA). 1991. Human Health Evaluation Manual, Supplemental Guidarxe: 

Standard Default fiposure Parameters. 

[31 This parameter is modeled; see Appendix C-4. 

[41 USEPA. 1969. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A), 

EPA/540/i-89/002; (December). 

PI USEPA. 1995. USEPA Region IV Bulletin No. 3, (November). 

Notes: m/liter = micrograms per liter. 
liters/day = liters per day. 
mg/m = milligrams per microgram. 
hours/day = hours per day. 
days/year = days per year. 
kg = kilogram. 
M/m” = micrograms per cubic meter. 
hours/day = hours per day. 
NA = not applicable. 
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Table C-2-l 1 
Exposure Parameters for Groundwater Ingestion 

Child Residents 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

IIVTAKEing= CWxIRXCFlxEFxED 
BWxATx365days/year 

Parameter 

Concentration in Groundwater 

Water Ingestion Rate 

Conversion Factor 

Exposure Frequency 

Exposure Duration 

Averaging Time 

Cancer 

Noncancer 

Body Weight 

References: 

Symbol 

cw 

k,,, 

CFl 
CF2 

EF 

ED 

AT 

BW 

I Value I Units Source 

Chemical-Specific pg/liter 

1 liters/day VI 

0.001 mgh.4 
24 hours/day 

350 days/year 111 

6 years PI 

70 years El1 
6 years VI 

15 kg 111 

PI USEPA. 1991. Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Parameters. 

Notes: pg/.f = micrograms per liter. 
mg/pg = milligram per micrograms. 
kg = kilogram. 
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APPENDIX C-3 
‘/ 

DERIVATION OF PARTICULATE EMISSION FACTOR i 



INTRODUCTION 

A site-specific estimate of contaminants in air that are a result of fugitive 
dust generation can be calculated or a default particulate emission factor (PEF) 
can be used to evaluate inhalation of contaminants in the surface soil at Cecil 
Field. The Florida Department of Environmental Protection (FDEP) default PEF 
value is 1.24*10' m3/kg. When a default value is used, the FDEP default value 
will be used. This appendix presents the methodology for estimating levels of 
site contaminants that could occur in ambient air as a result of wind erosion. 
To estimate atmospheric concentrations of fugitive air contaminants, a three-step 
modeling process is used. In the first step, respirable particle-phase emission 
rates are calculated. In the second, contaminant emission rates on a unit area 
basis are calculated. In the third phase, downwind ambient concentrations are 
estimated using air dispersionmodeling. Each of these steps is discussedbelow. 

STEP 1: ESTIMATION OF PM,, EMISSIONS FROM WIND EROSION 

Emission rates for particle-phase contaminants were estimated using equations 
developed by the USEPA for wind erosion by Cowherd and others (Cowherd et al., 
1985). Airborne respirable particulate matter is defined as particles with an 
aerodynamic diameter less than or equal to 10 microns (pm) and is denoted with 
the symbol PM,,. Ambient air concentrations were then estimated using air 
dispersion modeling. 

The equations presented in Cowherd et al. (1985) are intended to provide a 
methodology for rapid assessment of the inhalation exposure to respirable 
particulate emissions from surface contamination sites under emergency 
situations. Consequently, the models are based on a number of simpli:Eying 
assumptions and yield order-of-magnitude estimates of atmospheric concentrations. 

For estimating emissions from wind erosion for surface areas not completely 
covered by vegetation, two emission factor equations have been developed by 
Cowherd et al. (1985). Selection of the appropriate equation depends on whether 
the contaminated site's surface material is classified as having a "limited 
reservoir" or an "unlimited reservoir" of erodible surface particles. The 
critical feature of "unlimited" erosion potential is that contaminated soil is 
entrained at a lower wind velocity than for the "limited" case. Surface soils 
containing a high percentage of silts and lacking either vegetation or large non- 
erodible elements are assumed to contain an unlimited reservoir of surface 
erodible particles. This is based on the aggregate size distribution of surface 
particles, which is best determined with a sieve-size analysis. In the absence 
of such an analysis, an unlimited reservoir can be assumed. 

A conservative estimate of the PM,, emission rate (E,,) for the contaminated 
surface with "unlimited" erosion potential is calculatedusing an emission factor 
derived by Gillette (1981) based on field measurements of highly erodible soil. 
The following equation is used: 
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where: 
E 10 = 

V = 

[ul = mean annual wind speed (m/s) 
Ut = threshold value of wind speed at 7 m (m/s) 
F(x)= function to estimate unlimited erosion 
X = unitless ratio = 0.886 uJ[u]. 

and: 

where: 
u* = 
Z = 
z. = 

E 10 = 1xlu-5 (1-v) ( +J3 F(X) (71) 

PM,, emission factor for wind erosion (g/m'-set) 1x10m5= empirical 
constant (g/m'-set) 
fraction of the contaminated surface area with continuous vegeta- 
tive cover 

1 
Ut = - 

0.4 
xlX$xu' 

0 

friction velocity 
height above surface (m) 
roughness height (m). 

(72) 

For values of x greater then 2: 

F(x)=O.18 (8 x3 + 12 x) e-l2 (73) 

Step 2. Estimation of Contaminant Emission Rates 

Contaminant-specific emission rates are estimated from (1) the PM,, emission 
rates, (2) the hypothetical mass fraction of each contaminant in surface soil, 
and (3) the exposed surface area of the contaminated soil. Contaminant emission 
rates of respirable particles are determined using the following equation: 

Q 10 =lxfxxE,,xA (74) 

where: 
Qlo = contaminant emission rate as PM,, (pg/sec) 
f = mass fraction of contaminant in PM,, emissions (mg contaminant/kg 

PM,,) 
E 10 = PM10 emission rate (g PM,,/m2-see) 
A = contaminated surface area (m2) 
1 = conversion factor (1,000 Pg contaminant/mg contaminant)*(kg 

PM,,/1000 g PM,,). 

The values for f are estimated by assuming that the mass fraction of the 
contaminant in the inhalable particles emitted (PM,,) is equal to the mass 
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fraction of the contaminant in the soil. The surface area available for wind 
erosion can be assumed to be the area of the site (a worst-case assumption). 

Step 3. Airborne Contaminant Concentration 

Air dispersion modeling is used to predict off-site contaminant air concentra- 
tions based on the PM,, emission rate. Many different forms of dispersion models 
exist for a variety of applications. A box model is most appropriate when 
receptors are less than 100 meters from the edge of an area source. The model 
overpredicts concentrations by a factor of approximately four to six when 
compared with the Gaussian dispersion model, ISCST, for the "downwind distances" 
to exposure points of interest in this assessment (McCarthy and Burbank, 1990). 
The box model is therefore a good screening model for a public health risk 
assessment because the concentrations estimatedwith the box model are protective 
of public health. If no risk is indicated using box model concentrations, the 
potential for adverse impacts to public health are considered negligible. 

The box model is a basic analytical and physical model representing diffusion and 
convection from an area source. The box encloses the area source and is bounded 
by the ground as its base and the mixing height (H) of the mean vertical 
displacement of emissions, which is a function of atmospheric stabilitly and 
downwind distance to the point of exposure. Within the box, 
to be complete. 

mixing is assumed 
The box has a width (W) equal to the width of the area source, 

and the box is aligned so that its length lies in the direction of the wind, 
which passes through its end with a constant velocity (U). The ventilation 'rate, 
defined as the volume of air passing through the box, is equal to U x H x W. The 

cF"i 
downwind mixing height (H) of the box is determined from the following equ,ation 
presented by Pasquill (1975) for neutral stability: 

x= 6.25 xzo [($I In($) - 1.58 (A) + 1.581 
=0 

(75) 

where: 
x = downwind distance from the leading edge of the area source to the 

receptor (m) 
H = downwind mixing height (m) 
z. = roughness height (m). 

The roughness height, zO, was selected to be 0.02 meters based on the roughness 
height of grassland provided by Cowherd et al. (1985). This roughness height 
provides a more conservative estimate of emissions than assuming nonvegetated 
conditions. The downwind distance to the receptor is measured to the closest 
exposure points for potentially exposed populations. A distance of 1 mete:r can 
be assumed (a worst-case scenario assuming the receptor is at the source). The 
ambient 24-hour contaminant concentration (C,,) is estimatedby the following box 
model equation: 

c = QIO x a 
10 UXHXW 

(76) 
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where: 
Cl0 = concentration of contaminant at distance X (pg/m3) 
Qlo = particle-phase emission rate 'from wind erosion (pg/sec) 
a = fraction of 24 hours during which emissions occur 
u = average wind speed (m/set) 
H = downwind mixing height (m) 
w = width of area perpendicular to wind (m). 

This results in a conservative estimate of the 24-hour average concentration of 
contaminants to which an individual may be,exposed at the contaminant source on 
days in which wind erosion occurs. This concentration, the downwind contaminant 
concentration resulting from wind erosion, per unit of contaminant soil 
concentration (C,,), is multiplied by the concentration of each human health 
contaminant of potential concern (HHCPC) to obtain downwind contaminant 
concentrations. 

The PEF relates the contaminant concentration in soil with the concentration of 
respirable particles (PM,,) in the air due to fugitive dust emissions from 
surface contamination. The PEF is site specific and independent of the type of 
contaminants present at the site. The PEF is calculated by dividing the soil 
contaminant concentration (pg/kg) by the concentration in the air (pg/m3) to give 
the PEF (m3/kg). This PEF or the default is applied to chemical-specific soil 
concentrations to estimate dust-related chemical concentrations in air for the 
risk calculation spreadsheets. 
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APPENDIX C-4 

CALCULATION OF AIR CONCENTRATIONS USING THE SHOWER MODEL 



INTRODUCTION 

/' 

ABB Environmental Services, Inc. (ABB-ES) calculated concentratiobs of volatile 
organic compounds (VOCs) in groundwater that could volatilize during a s'hower. 
After reviewing the literature, the model selected by ABB-ES to predict indoor 
(bathroom) concentrations is that presented by Foster and Chrostowski (1987). 
This theoretical approach is based on the experimental work of Andelman (1985). 
Andelman measured air concentrations of trichloroethylene and chloroform in a 
bench-scale shower assembly. Foster and Chrostowski (1987) developed a model 
from these experimental data, ABB-ES modified the input parameters from the 
bench-scale design to be representative of a typical bathroom. 

CALCULATIONS 

Parameter values used in the following equations can be found in Table C-4-l. 

The equation used to calculate air concentrations in the bathroom $s shownbelow: 

Ctvoc) = G x (em" - 1) x ewRt (‘77) 

where: 
c (voc) = concentration of VOC in bathroom (pg/m3) 
S = VOC generation rate (pg/m3-min) 
R = air exchange rate (min-I) 
Ds = duration of shower (min) 
t = time at which concentration is being calculated ('bin). 

( 
R, the air exchange rate, is calculated as the volumetric flowrate through the 
bathroom (m3/min) divided by the volume of the bathroom (m3). 

S, the VOC source generation rate, is calculated based on the concentration of 
the contaminant in the water, emission of compound from a droplet, flowrate of 
water, and volume of room for dilution, S is calculated from the following 
series of equations: 

s= 
Cwd x FR 

sv 

where: 
C = 
F;;p = 

concentration in water droplet (pg/R) 
flow rate in shower (l/min) 

sv = shower volume (m3). 

C wd is calculated as follows: 

-J&1 x t, 
C (-) 

wd = c,, x [l - e 1 

(78) 
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Table C-4-l 
Empirical Constants for the Shower Model 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Constant Symbol Value Unit Source 

Liquid-film mass transfer for CO, IqCOZ) 20 cm/hr Calculated 

Gas-film mass transfer for H,O K,W’O) 3000 cm/hr Calculated 

Molar gas constant x Temperature RT 0.024 atm-m3/mole 

Reference temperature T, 293 K 

Temperature of shower water TS 318 K Assumption 

Viscosity of water at shower temperature U* 0.6178 cP Calculated 

Viscosity of water at reference temperature U1 0.65 cP Calculated 

Shower droplet free-fall time t 1.5 set Assumption 

Droplet diameter d 1 mm Foster and Chrostowski, 1987 

Flow rate in shower FR 20 e/min Assumption 

Volume of shower area sv 12 m3 Assumption 

Air exchange rate R 0.03 min“ Calculated 

Time in shower D* 12 min USEPA, 1989 

Time at which concentration is being calculated t 12 min Assumption 

Source: Foster, S.A., and P.C. Chrostowski. 1987. inhalation Exposures to Volatile Organic Contaminants in the 

Shower. 

Notes: CO, = carbon dioxide. 
H,O = water. 
cm/hr = centimeters per hour. 
atm-m3/mole = atmosphere-cubic meter per mole. 
K = hydraulic conductivity. 
cp = centropoise. 
set = second. 
mm = millimeter. 
e/m = liters per . 
m3 = cubic meter. 
min = minute. 
USEPA = U.S. Environmental Protection Agency. 
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where: 
C WC2 = concentration in groundwater (pg/I) 
K al = temperature correction of the mass transfer coefficient, KL 

((cd-=) 
t 3 = shower water droplet free-fall time (set) 
d = droplet diameter (mm). 

The term K,,/60d combines both the rate of transfer and the available interfacial 
area across which volatilization can occur. The value 1/60d equals the specific 
interfacial area, 6/d, for a spherical shower droplet of diameter d multiplied 
by conversion factors (hr/3600 set and 10 mm/cm). 

K al is calculated according to: 

where: 
KL = mass-transfer coefficient (cm/hr) 
T, = reference temperature (K) 
u, = viscosity of water at reference temperature (cp) 
T, = temperature of shower water (K) 
u1 = viscosity of water at shower temperature (cp). 

KL is calculated according to: 

K,(voc) = 1 
1 

k,(voc) + 
RT 

H x k,(voc) 

(80) 

(81) 

where: 
kl(voc) = chemical-specific liquid mass-transfer coefficient (cm/hr) 
k,(voc) = chemical-specific gas mass-transfer coefficient (cm/hr) 
RT = molecular gas constant (R) x temperature (T) (atm-m3/mole) 
H = Henry's law constant (atm-m3/mole). 

The input values of k, and k, are based on the mass transfer coefficients olf CO, 
and water. They are calculated for the particular compound of interest according 
to the following equations: 

k,(voc) = k,(CO,) x [m;;ocj lo.5 (82) 
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k,(voc) = k&&o) x [ Mtl;oc, ]o'5 (83) 
K--x 

where: 
k,(W) = liquid mass-transfer coefficient for carbon dioxide (cm/hr) 
k&W) = gas mass-transfer coefficient for water (cm/hr) 
MM(voc) = molecular weight of VOC. 

ASSUMPTIONS 

Several assumptions were made to complete this modeling effort. The more 
important ones involve the volume of the bathroom and the air exchange rate (see 
Equations 1 and 2). A bathroom volume of 12 m3 was assumed. For the purposes 
of this model, it was also assumed that the air between the shower area and the 
rest of the bathroom was well mixed. The volumetric flowrate through the 
bathroom was assumed to be 0.4 m3/min, which gives an effective air exchange rate 
of 1.8 air changes/hour. Few measurements have been done on ventilation rate in 
bathrooms. ABB-ES considers this value to be a conservative estimate given that 
most homes have air exchange rates of 0.5 to 2.0 changes/hour. Bathrooms may 
have higher ventilation rates than the entire house due to the effect of local 
exhaust fans, if present, or the opening of windows. 

Another assumption is implicit in the use of Equation 1. This equation 
calculates VOC concentrations at time (t), which is assumed to equal the duration 
of shower use (D,). Thus, the resulting concentrations represent maximum 
concentrations at the end of the, shower. In reality, an individual would 
experience an integrated exposure that would gradually increase during shower 
usage and decrease again after the water was turned off. ABB-ES made the 
simplifying assumption that the peak concentrations would persist for the 
duration of exposure. This is a conservative assumption that is protective of 
public health. 

f-x 
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APPENDIX C-5 

DERMAL GUIDANCE SUMMARY 



ABSORBED DOSE CALCULATION - DERMAL EXPOSURE TO WATER 

The absorbed dose is calculated per the U.S. 
(USEPA )Dermal Exposure Assessment: 

Environmental Protection Agency 

January 1992. 
Principles and Applications, Interim Rleport, 

The permeability constant approach is used for dermal exposures 
to contaminants in water. 

The steady state approach for inorganics is used here. The dose absorbed per 
unit area per event is: 

where: 
DA event = 
PC event = 
2 = = 

cd = 
CF, = 
CF, = 

DA event = pcevent x C, x CFl x CF, (84) 

PGml t = K& x te,t 

dose absorbed per unit area per event (mg/cm'-event) 
diffusion depth per event (cm/event) 
permeability constant from water (cm/hr) 
concentration of chemical in water (pg/R) 
duration of a single event (hr/event) 
units conversion factor ( liter/ lo3 cm3) 
units conversion factor ( mg/ lo3 pg). 

? The "unsteady-state approach for organics" is used here. The dose absorbed per 
unit area per event is: 

where: 
t < t* 

and 

DA event = pcc?,nt x C, x CF, x CF, 

DA event = pcw*nt x c, x CF3 x CF4 

K3,Ilt = 2 x Kp x (6rtevent / I’c)‘.~ 

(88) 

WHT-RIFSGIR 
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where: 
t > t4 

and 

2 w 

1 SC 
D SC 
t event 
lr 
t* 
B 

CF3 

CF4 

CF5 
CF6 

.f----t 
pcw*n t = K* x ( ( tmmt / (1 + B)) + 2-c ((1 + 3B) / (1 + m 1 (89) 

permeability constant from water (cm/hr) 
concentration of chemical in water (pg/R) 
L2 / 6 D,, (hr) 
thickness of stratum corneum (10 pm) 
stratum corneum diffusion coefficient (cm2/hr) 
duration of a single event (hr/event) 
pi (dimensionless) 
time to reach steady state (hr) 
octanol water partition coefficient divided by lo4 (dimension- 
less) 
units conversion factor (mg/103 pg> 
units conversion factor (liter/lo3 cm3) 
units conversion factor (mg/103 pg> 
units conversion factor (liter/lo3 cm3). 

For a given compound, the values for B, s, 7, and t* can be found in Table 5-8 
of the dermal guidance document (USEPA, 1992). 

Once the dose per event (DAevent) is calculated, the dermally absorbed dose (DAD) 
for use in risk calculations can be derived as follows: 

Dermally absorbed dose for use in risk calculations is derived generally (for 
adults who are no longer growing) as follows: 

Dmadul t = DAevenC x EV x EF x ED x SA / BW x AT (90) 

For children, to account for changing surface areas and bodyweights, the dermally 
absorbed dose is calculated as follows: 

Dmchi,d = tDAevent xEVXEF/AT) x=, (SAjXEDj/BWi) (91) 

where: 
EV = event frequency (events/day) 
EF = exposure frequency (days/year) 
AT = averaging time (days). (For noncarcinogenic effects, AT = ED, and 

for carcinogenic effects AT = 70 years or 25,550 days.) 
SA, = surface area exposed at age i (cm2) 
ED, = exposure duration at age i (years) 
BW, = bodyweight at age i (kg). 

WHT-RIFS.GIR 
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Bathing or Swimming Exposure. For bathing and swimming, USEPA recommends that 
whole body surface area be used to represent skin surface area (SA) Iavailable for 
contact with water. For adults, using 50th and 95th percentile whole body SA 
values, the default SA values are 20,000 cm2 and 23,000 cm2 (Table: C-5-l). For 
children, the default values for each age group would be equal to the 50th 
percentile and 95th percentile whole body SA values. 
the average of the 50th 

Estimated bodyweights are 
percentile female and male weights (Table C-5-l). 

Values of: 

z em (SAi X EDi / BWj) (92) 

for commonly used age ranges are presented in Table C-5-2. 

Wading Exposure. For wading, it is assumed that the entire surface area of the 
feet, lower legs, and hands is exposed to the surface water during the entire 
exposure event. This assumption is for shallow water situations. Averaging 
surface areas over the 6 childhood years yields the following: 
5.5 percent of total body surface area, 

hands represent 
lower leg represents 12.8 percent of 

total body surface area, and the feet represent 7 percent of total body surface 
area. Therefore, the feet, lower legs and hands represent approximately 25 
percent of total body surface area for children ages 1 through 6 (Table C-5-3). 
This value is the same value that USEPA identifies as the percent of total body 
SA available for soil contact (USEPA, 1992). This value, 25 percent of total 
body SA is used here to represent SA available for waders of all ages. Table C- 
5-4 presents the wading information for typically evaluated age groups. 

ABSORBED DOSE CALCULATION - DERMAL EXPOSURE TO SOIL 

The absorbed dose is calculated per the USEPA Dermal Exposurd Assessment: 
Principles and Applications, Interim Report, January 1992. The calculation of 
the estimated dermally absorbed dose per unit area per event is: 

DA event = csoil xAFxABSxCF (93) 

where: 
DAevent = dose absorbed per unit area per event (mg/cm2-event) 
C soil 

= contaminant concentration in soil (mg/kg) 
AF = adherence factor of soil to skin (mg/cm2-event) 
ABS = absorption fraction (dimensionless) 
CF = units conversion factor (10m6 kg/mg). 

Dermally absorbed dose for use in risk calculations is derived generally (for 
adults who are no longer growing) as follows: 

DAadult = DAevent x EFx EDx SA / BWx AT (: 94) 

_ i 
P 
! 
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5 

6 

7 

8 

9 

1( 

1’ 

1: 

1: 

11 

l! 

1( 

1; 

1r 
.~ --- 

SC 

Age 

~23 

<3 

<4 

<5 

<6 

c7 

~8 

c9 

<IO 

I<11 

I<12 

2113 

3<14 

1415 

j<l6 

3c17 

7~18 

3<75 

Table C-5-l 
Exposure Parameters for Dermal Contact with Water 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Total Surface Area (cm’) 

Bathing and Swimming 

Male Male 

50th 95th 
Percentile’ Percentile’ 

5398 6104 

6030 6820 

6640 7640 

7310 8450 

7930 9180 

8660 10600 

9360 11100 

10000 12400 

10700 12900 

11800 14800 

12300 16000 

13400 17600 

14700 18100 

16100 19100 

17000 20200 

17600 21600 

18000 20900 

20000 23000 

_ 

Wading (25% Total Body Weight (kg) 
Derivation of DkVmti 

Surface Area) 
(dose absorbed/unit area/event) 

Male Male Male Female Average of Swimmer Swimmer Wader Wader 

50th 95th 50th 50th Male and 50th 95th 50th 50th 
Percentile Percentile Percentile* Percentile* Female Percentile Percentile Percentile Percentile 

1350 1526 11.5 10.5 11 490.7 554.9 122.7 138.7 

1508 1705 13.4 12.6 13 463.8 524.6 116.0 131.2 

1660 1910 15.3 14.6 14.95 444.1 511.0 111.0 127.8 

1828 2112.5 17.4 16.4 16.9 432.5 500.0 108.1 125.0 

1983 2295 19.3 18.8 19.05 416.3 481.9 104.1 120.5 

2165 2650 21.9 21 21.45 403.7 494.2 100.9 123.5 

2340 2775 24.4 23.5 23.95 390.8 463.5 97.7 115.9 

2500 3100 27.3 27.3 27.3 366.3 454.2 91.6 113.6 

2675 3225 29.7 29.6 29.65 360.9 435.1 90.2 108.8 

2950 3700 34.5 34.3 34.4 343.0 430.2 85.8 107.6 

3075 4000 36.4 40 38.2 322.0 418.8 80.5 104.7 

3350 4400 42.1 45.2 43.65 307.0 403.2 76.7 100.8 

3675 4525 47.7 48.6 48.15 305.3 375.9 76.3 94.0 

4025 4775 55.5 52.8 54.15 297.3 352.7 74.3 88.2 

4250 5050 60.2 53.9 57.05 298.0 354.1 74.5 88.5 

4400 5400 63.6 55.3 59.45 296.0 363.3 74.0 90.8 

4500 5225 65.7 58.3 62 290.3 337.1 72.6 84.3 

5000 5750 75.9 61.5 68.7 291.1 334.8 72.8 83.7 

.--- -Child~- i 6 (sum adas <7) years 2651..3 30066.6 662.8 --7667’ 

Child - 6 years (sum ages 2<8) 2551.4 2975.2 637.8 743.8 

Child - 10 (sum 7 < 17) years ages 3286.7 4051.1 821.7 1012.8 

Adult - 24 years (18< 75 multiplied by 24) 6986.9 8034.9 1746.7 2008.7 

Child I Adult - 30 (sum child + adult) years 9638.2 11101.6 2409.5 2775.4 

se notes at end of table. 

. . 
1.) ;j 



Table C-5-l (Continued) 
Exposure Parameters for Dermal Contact with Water 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

’ USEPA. 1989. Exposure Factors Handbook. EPA/600/8-891043 (Table 4B-3). 
’ USEPA. 1989. Exposure Factors Handbook. EPA/600/8-891043 (Table 5A-3). 

Notes: cm* = cubic centimeter. 
% = percent. 
kg = kilogram. 

Wwt = dose absorbed per unit area per event. 
< = less than. 



Table C-5-2 /a 
Summary of Age Adjusted, Bodyweight-Normalized 
Surface Area Exposed While Bathing or Swimming’ 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Age Range 
Duration of Exposure to Water 

(Bathing or Swimming) 

1 through 6 

2 through 7 

7 through 16 

18 through 41 

1 through 30 

See Table C-5-1. 

6 years 

Sum of Terms for Average Case 
(50th Percentile) 

2651.3 

(area x duration/bodyweight) 
(cm’-yr/kg) 

_,-. 

Sum of Terms for 
Reasonable Maximum Exposure 

3066.6 

(95th Percentile) 
(area x duration/bodyweight) 

(cm*-v/kg) 

6 years 2551.4 2975.2 

10 years 3286.7 4051.1 

24 years 6986.9 8034.9 

30 years 9638.2 11101.6 

\lote: cm*-yr/kg = centimeters squared per year per kilogram. 

-. 
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Table C-5-3 
Surface Area Exposed to Surface Water for Waders (Children) 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Age 

Mean Percentage (%) of Whole Body Surface Area 

Hands’ Lower Legs* Feet’ 

95th Percentile 
Whole Body Surface 

Area’ 

(cm*) 

Estimated Surface Area (cm*) Estimated SA for 

(Mean % Whole Body SA x Whole Body SA) Hands, Lower 
Legs, and Feet 

Hands’ 
Lower Legs* Feet’ Ages- 1 through 6 

(cm’) 

1<2 5.68 12.8 6.27 46104 346.7 781.3 382.7 1510.7 

2~3 5.3 12.8 7.07 6820 361.5 873.0 482.2 1716.6 

3<4 6.07 12.8 7.21 7640 463.7 977.9 550.8 1992.5 

4<6 5.7 12.8 7.29 8450 481.7 1081.6 616.0 2179.3 

5~6 5.7 12.8 7.29 9180 523.3 1175.0 669.2 2367.5 

6.~7 4.71 12.8 6.9 10600 499.3 1356.8 731.4 2587.5 

Mean (Ages 1 5.5 12.8 7.0 8132 449.4 1040.9 569.6 2060.0 
through 6) 

’ USEPA. 1989. Exposure Factors Handbook. EPA/600/8-891043 (Table 4-3). 
* USEPA. 1989. Exposure Factors Handbook. EPA/600/8-89/043 (Table 4-2). The percent of whole body surface area for the lower legs is taken from table 4-2 (adults) because 
no value for children is reported. 
3 USEPA. 1989. Exposure Factors Handbook. EPA/600/8-891043 (Table 48-3). 

Notes: cm2 = square centimeter. 
SA = surface area. 
% = percent. 
< = less than. 



Table C-5-4 
Summary of Age Adjusted, Bodyweight-Normalized Surface Area Exposed While Wading’ 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton. Florida 

Sum of TE ’ rrms tar I ‘werage Case 
^.. - (511m rercentile) 

(area x duration/bodyweight) 

(cmz-yr/W 

Age Range 
Duration of Exposure to 

Water 
(Wading) 

Sum of Terms for 
Reasonable Maximum Exposure 

(95th Percentile) 
(area x duration/bodyweight) 

(cm2-yr/W 

1 through 6 6 years 662.8 766.7 

2 through 7 6 years 637.8 

7 through 16 10 years 821.7 

18 through 41 24 years 1746.7 

1 through 30 30 years 2409.5 

’ See Table C-5-1. 
/ 

Note: cm*-yr/kg = centimeters squared per year per kilogram. 

743.8 

1012.8 

2008.7 

2775.4 

WHT-RIFS.GIR 
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For children, to account for changing SA and bodyweights, the dermally absorbed 
dose is calculated as follows: 

DAchild = (DA,,t X EF / AT) z pm (SAi X EDi / BWi I (95) 

where: 
EF = exposure frequency (events/year) 
AT = averaging time (days). For noncarcinogenic effects, AT = ED, and 

for carcinogenic effects AT = 70 years or 25,550 days. 
SA, = surface area exposed at age i (cm2) 
ED, = exposure duration at age i (years) 
BW, = bodyweight at age i (kg). 

For the typical case, USEPA recommends SA for head and hands only and for the 
"reasonable worst case," the SA of the head, hands, forearms, and lower legs as 
the SA available for contact with soil. USEPA simplifies these assumptions by 
saying that 25 percent of the total body SA would be available for soil contact. 
For adults, using 50th and 95th percentile whole body SA values, the default SA 
values are 5,000 cm2 and 5,800 cm2 (Table C-4-5). For children, the default 
values for each age group would be equal to 25 percent of the 50th percentile and 
95th percentile whole body SA values. Estimated bodyweights are the average of 
the 50th percentile female and male weights (Table C-5-5). 

Values of 

$“‘i EL (SAi X EDi / SW,) (96) 

for commonly used age ranges are presented in Table C-5-6. 

WHT-FiIFS.GIR 
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Table C-5-5 
Exposure Parameters for Dermal Contact with Soil 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Total Surface Area (cm*) 
SAAvailable for Soil Contact (cm') 

Age 
(25 x Total Surface Area) 

Male Male Male Male 
50th Percentile' 95th Percentile' 50th Percentile 95th Percentile 

112 5398 6104 1350 1526 

2~3 6030 6820 1508 1705 

3<4 6640 7640 1660 1910 

4<5 7310 8450 1828 2113 

5~6 7930 9180 1983 2295 

6~7 8660 10600 2165 2650 

7~8 9360 11100 2340 2775 

8<9 10000 12400 2500 3100 

9<10 10700 12900 2675 3225 

10x11 11800 14800 2950 3700 

11<12 12300 16000 3075 4000 

12113 13400 17600 3350 4400 

13<14 14700 18100 3675 4525 

14<15 16100 19100 4025 4775 

15<16 17000 20200 4250 5050 

16<17 17600 21600 4400 5400 

17<18 18000 20900 4500 5225 

18<75 20000 23000 5000 5750 

' USEPA. 1989. Exposure Factors Handbook. EPA/600/8-891043 (Table 48-3) 
' USEPA. 1989. Exposure Factors Handbook. EPA/600/8-891043 (Table 5A-3) 

Body Weight (kg) Derivation of DA.,., 

Male Female Average of (Dose absorbed/unitarea/ event) 

50th 50th Male and 50th 95th 
Percentile* Percentile* Female Percentile Percentile 

11.5 10.5 11 122.7 138.7 

13.4 12.6 13 116.0 131.2 

15.3 14.6 14.95 111.0 127.8 

17.4 16.4 16.9 108.1 125.0 

19.3 18.8 19.05 104.1 120.5 

21.9 21 21.45 100.9 123.5 

24.4 23.5 23.95 97.7 115.9 

27.3 27.3 27.3 91.6 113.6 

29.7 29.6 29.65 90.2 108.8 

34.5 34.3 34.4 85.8 107.6 

36.4 40 38.2 80.5 104.7 

42.1 45.2 43.65 76.7 100.8 

47.7 48.6 48.15 76.3 94.0 

55.5 52.8 54.15 74.3 88.2 

60.2 53.9 57.05 74.5 88.5 

63.6 55.3 59.45 74.0 90.8 

65.7 58.3 62 72.6 84.3 

75.9 61.5 68.7 72.8 83.7 

Child - 6 (sum 1 <7) years ages 662.8 766.7 

Child - 6 years (sum ages 2<8) 637.8 743.8 

Child - 10 (sum 7 < 17) years ages 821.7 1012.8 

Adult - 24 (18< 75 multiplied by 24) years 1746.7 2008.7 

Child / Adult - 30 years (sum child + adult) 2409.5 2775.4 

Notes: cm' = square centimeters. 
SA = surface area. 
kg = kilogram. 

DA.,., = dose absorbed per area per event. 



Table C-5-6 
Summary of Age Adjusted, Bodyweight-Normalized Surface Area Exposed to Soil’ 

Remedial investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sum of Terms for Average Case Sum of Terms for 
Duration of (50th Percentile) Reasonable Maximum Exposure 

Age Range Exposure (area x (95th Percentile) 
to Soil duration/bodyweight) (area x duration/bodyweight) 

@m2-yr/W 

1 through 6 

2 through 8 

7 through 16 

18 through 41 

1 through 30 

’ See Table C-5-5. 

6 years 

6 years 

10 years 

24 years 

30 years 

662.8 

637.8 

922.6 1136.3 

1746.7 2006.7 

2409.5 2775.4 

Note: cm*-yr/kg = centimeters squared per year per kilogram. 
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Table C-6-l 
Central Tendency Exposure Parameters 

Remedial Investigation an’d Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Concentration Term 

35 percent Upper Confidence Limit on the Mean 

Contact Rate 

Jllater Ingestion Rate 

Children (1 - 6 years) 0.7 P/day 

Adults 1.4 P/day 

Workers 0.7 m/day 

Soil Ingestion Rates 

Children (1 - 6 years) 200 mg/kg 

Adults 100 mg/kg 

Workers 50 mg/kg 

4ir Inhalation Rates 

Children (1 - 6 years) 5 m3/day 

Adults 5 m3/day 

Dermal Exposure 

Adherence Factor 0.2 mg/cm’ 

Adsorption Factor Chemical Specific 

Total Surface Area 

Children 7,200 cm* 

Adults 20,000 cm’ 

Partial Surface Area 5,000 cm’ 

Body Weights 

Children (1 - 6 years) 16 kg 

Adults 70 kg 

Workers 70 kg 

Exposure Duration 

Residential 9 years 

Children 2 years 

Adult 7 years 

Industrial 9 years 

Exposure Frequency 

Residential 350 days /year 

Industrial 250 days/years 

Notes: O/day = liters per day. 
mg/kg = milligrams per kilogram. 
m3/day = cubic meters per day. 
mg/cm’ = milligrams per square centimeter. 
cm* = square centimeter. 
kg = kilogram. 
days/year = days per year. 
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GROUNDWATER ELEVATION SUMMARY 



NAVAL . . ATION WHITING FIELD WATER LEVEL SURVEY DATA - 1994 - UPDATED 2 APRIL 1997. 

Water Level 
91301931011193 

Water Leval 

WELLS 

WELLS 
1205078.54 839522.10 
1205060.00 638507.60 
1205070.00 630516.00 
1208243.13 839722.35 
1209253.00 630507.00 
1209262.00 630724.00 
1210627.67 635909.34 

R ROAD SITES 

Monitoring 
Well 

Identifier 

PRODUCTlO 
W-N2 
w-w2 
w-02 

BACKGROUN 
WI+BKG-1 
WHF-BKG-11 
WHF.BKG.10 
WHF-BKG-2 
WHF-BKG-21 
WHF-BKG-20 
WHF-BKG-3 
NORTH PERIMI 

SITE 1 
WHF-l-l 
WHF,l-10 
WHF-l-2 
WHF-1.3 
WHF-1-I 

SITE 2 
WHF-2-l 
WHF-2.2 
WHF.2.3 

SITE 17 
WHF-17-10 
WHF-17-l 
WHF.17.2 
WHF-17.3 

SITE IS 
WHF-18-l 
WHF-1a2s 
WHF.163 
SOUTH PERIMI 

SITES 
WHF-El 
WHF-a2 
WHF.93S 

SITElI 

I 

Wi@.i@i 

WHF-102 

66.26 76.36 
66.11 -I-- 70.07 
67.09 77.02 
76.51 76.09 

T -I- 

I 

I 

66.00 
65.04 
67.53 
70.02 

1203042.32 635143.15 
1203046.74 635151.60 
1203110.26 635344.00 L-L 1203351.52 635106.25 
1203203.00 635090.00 

64.15 70.47 
63.02 78.10 
65.72 79.09 
76.23 79.21 

142.62 123 
143.00 75 
145.01 70 
155.50 07 
07.10 79 

150.00 07 
95.26 01 
07.69 01 

184.86 116 
104.71 158 
187.35 122 
201.21 127 

163.57 120 
164.75 100 
175.64 113 

76.02 
77.24 
70.00 
77.40 

77.34 
70.01 
70.77 
70.14 

79.10 71.62 79.00. 71.60 76.84 73.06 72.53 

112.60 02.36 
112.30 02.32 
115.35 02.00 
117.12 64.00 

111.72 03.24 
111.48 03.22 
114.45 02.00 
123.65 77.56 

84.53 
97.04 

105.58 

69.01 
67.71 
70.05 

02.20 71.28 
94.76 06.99 

103.55 72.08 

02.61 
02.50 
02.26 
02.26 

89.09 
60.34 
70.01 

1.02 
1.07 
1.09 
1.00 

1.04 

1.10 
1.09 
1.10 
3.14 

1.11 
1.43 
1.10 

111.20 03.67 
111.10 63.61 
114.05 03.30 

t 

117.52 03.66 

83.20 70.20 
95.02 60.03 

104.30 71.34 1264225.03 1633101.78 
IROADSITES 

I I I I I 
00.34 57.21 --I--/ 102.66 56.30 
03.35 57.50 

02.20 64.35 
95.49 65.50 --l---l 06.16 64.69 

1::::: 1 3”;::: 1 

146.55 
161.07 
150.65 

146.73 
150.75 

110 
124 
100 

110 
113 

QQ.lQ 
101.95 
92.20 

09.00 
03.62 

50.70 3.17 
52.44 9.06 
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NAVALAIRSTATlONWHITINGFlELD-WATERLEVELSURVEYDATA-1994.UPDATED2APRlL 1997. 

EastinQ Northinn Well xii- 
State State TOC Depth 
Plane Plana ELEVATIOL BTOC 

Coordinate Coordinate (Ft.MSLl (Faetl 

Water Level Watar Level II Water Lavel 
13019 011193 2101 

Depth Elevation Depth 
Feet BTOC 1. sbovs WI Feet BTOC 

19194 
Elevation 

t.abovc MS 

812219 
Dapth 

Feet BTOC 

1215235.28 827392.24 116.6f 54 
12155O4.28 Q275Q1.66 124.Qf 128 
1214280.00 628575.17 14Q.li 126 
1215520.53 827401.72 117.16 73 
1215655.W 827372.00 129.4: 79 
1215D55.W 827382.W 125.78 108 

45.59 71.15 45.80 70.6f 44.6: 
51.08 73.78 63.42 61.44 82.23 
83.59 54.02 95.03 52.N 94.01 
81.91 55.28 04.22 52.81 63.0f 

1214070.02 027457.07 136.4f 113 
1214561.W 82741Q.W 135.5f 05 

00.20 58.20 82.68 53.7i Q1.Qi 

1215513.08 Q2Q7Q4.3Q 108.87 81 
121550Q.34 Q2Q3O4.Q1 102.Qf 123 
1215474.W 828745.00 108.11 a3 
1215502.80 Q2~OEO.Q~ 102.0m 72 

55.25 53.72 57.50 51.3f 56.4I 
50.62 52.04 52.90 48.7f 51.81 

51.81 51.25 53.85 48.01 52.82 

1214547.12 825482.71 138.68 153 QQ.4Q 51.20 90.78 46.QC aO.li 
1214432.70 025372.17 145.813 11% 05.15 50.85 87.45 40.31 06.Qf 

1208208.41 625510.50 66.35 
1208067.73 Q25Q12.Q1 58.58 
1208070.85 Q25Q~1.Q~ 60.10 
12OQO64.40 825825.70 58.38 
12oQ4QQ.QQ 826123.35 89.28 
12W4QQ.15 Q2Qoa5.5Q 68.88 
12004w.20 Q2Q159.2Q 89.44 
1207477.30 625555.40 143.20 
1208671.87 824092.42 104.14 
1266675.00 024064.00 105.17 
12O6002.W 624878.00 108.11 
12w200.12 625420.45 74.28 
1208308.83 825412.40 75.08 

26.36 39.87 264 38.4: 28.4l 
la.00 40.58 la.43 4alf 1Q.Qf 
10.00 40.30 20.28 38.64 19.81 
18.06 40.33 10.57 39.81 1Q.N 
25.83 43.38 27.67 41.61 28.33 
28.56 43.10 27.34 42.3f 26.Bf 
25.00 43.55 26.88 42.7f 28.34 
88.41 44.88 06.83 43.68 aa. 
04.33 38.81 85.08 39.08 64.6f 

34.40 38.88 34.62 38.61 34.23 
35.46 38.80 35.81 38.41 35.23 

1206085.00 024044.w 78.67 
12W056.W @2404&W 79.44 
1208017.00 62404Q.W 78.08 

73 
33 
63 
112 
3% 
0% 
118 
109 
0% 
8% 
128 
U 
123 
89 
120 
140 
55 
85 
117 

12O5320.M 626570.67 5o.Ll4 43 11.35 30.88 11.61 30.43 11.28 
1208255.07 6267Q3.3Q 83.66 50 30.81 44.75 38.73 43.83 39.45 
1208257.07 Q2QQOQ.3Q 82.19 74 37.52 44.87 38.32 43.87 NIA 
1208255.80 626773.31 80.60 130 36.19 44.41 38.88 43.71 36.87 
1205407.34 62Q1QQ.aQ 51.80 23 13.49 36.21 13.57 38.12 12.77 
12135401.58 Q2Q161.3Q 51.31 53 13.25 38.08 13.40 37.05 12.87 

Water Lsvoi CumulativsSluthtical 
101101% 

Depth 
Feet BTOC 

43.58 
58.37 
88.78 
57.18 

tion 
Standwd 

Oaviation (FtJ 

1.01 
5.70 
3.11 
3.10 

124184 
Elevation 

t.aboveMSI 

72.02 
82.83 
53.15 
54.11 

0113104 
Elevation 

I.abovaMSl 

73.08 
QQ.4t 
58.33 
80.03 

Info1 
Mean Elsvation 
:t.aboveMSL 

71.73 
88.58 
54.81 
55.813 

WHF-1140 

t- 
SITE12 

WHF-12.1 54.73 56.41 

HOE 
52.31 

51.51 

51.31 
5O.QC 

4O.2f 
4o.Qf 
10.61 
40.61 
43.31 
43.31 
43.71 
45.01 
40.04 

4D.43 
40.21 

38.90 
u.02 
14.85 
44.54 
38.89 
38.38 

3.21 

3.21 
3.01 

3.04 

3.11 
3.11 

1.01 
1.01 
0.81 
0.95 
1.53 
1.1e 
1.2c 
1.78 
1.20 

1.12 
1.10 

0.56 
1.10 
1.24 
1.08 
0.66 
0.63 

I WHF-13-1s 
WHF-13-l 
WHF-13.11 

‘\ 

.$ 

52.52 
50.77 

50.28 
4Q.otl 

5@.@1! 
5Q.Qf 

40.83 47.w 55.88 

40.57 83.QE 55.01 
46.84 80.54 55.24 

38.87 24.80 41.71 
40.73 17.14 42.44 
40.29 10.om 42.64 
40.29 17.40 41.06 
42.86 23.88 45.33 
42.73 24.68 45.01 
43.10 24.00 45.44 
44.12 85.70 47.58 
39.40 62.30 41.78 

40.W 32.10 42.ia 
38.85 33.23 41.85 

38.78 10.34 38.70 
44.21 37.28 46.38 

NIA 35.80 46.31 
43.83 34.50 40.10 
38.92 12.17 39.52 
38.34 12.03 39.28 

WHF-lb1 
WHF-152s 
WHFelb21 
WHF-lb20 
WHF.lb3S 
WHF.lb3l 
WHF-153D 
WHF-154s 
WHF-155s 
WliF-lb51 
WHF-lb50 
WI6 lb6S 
WHF-lb00 
WHF-157s 
WHF-lb71 
WHF-1510 
WHF~lbQS 
wliF-1bQl 
WHF-1bQD 

SITE16 
WHF-18-l 
WHF-1a2s 
WHF-152 
WHF-lb21 
wHF*lS3S 
WliF-1531 



xii- 
Depth 
BTOC 
IFeet) 

78 
11% 
22 
85 
123 
14 
22 
62 
15 
46 
75 

WeterLavd Well 
TOC 

ELEVATION 
fFt.MSLl 

51.22 
51.40 
54.78 
53.01 
52.87 
37.54 
50.57 
58.77 
38.27 
38.17 
38.05 
30.73 

Water Level 
si3ofa5loili93 

Water Level Monitorin 
Well 

Identifier 

WHF-la3ll 
WHF-1630 
WliF-16-4s 
WHF.1046 
WHF-104O 
WHF-185 
WHF-lass 
WHF-1SQI 
WHF-10-7s 
WHF-1871 
WHF-167D 
StnrmOlQr 

SITE31 
WHF-31.1s 
WHF-31-2s 
WHF-31-3s 
mlF.3140 
WHF-3141 
WHF.3140 
WHF-31-5s 

CumulativeStatisticsl 
lnformetion 2119 

Depth 
Feet BTOC 

13.48 
10.51 
15.74 
14.24 
14.24 

NIA 

18194 
Elevation 

t.ebovoMS 
37.74 
40.88 
3Q.W 
38.75 
38.83 

NIA 

812219 
Depth 

Feat BLOC 
13.04 
10.26 
13.77 
13.81 
13.81 
3.50 

loiloia 
Depth 

Fast BTOC 
12.10 
0.00 

14.31 
12.94 
12.92 
3.50 

124184 
Elevation 

t.tboveMSI 
38.18 
41.14 
41.02 
38.10 
30.88 
34.04 

3113184 
Elevation 

t.ebovrMSl 
38.12 
42.50 
4ll.40 
40.07 
38.95 
34.04 

I 
Coordinete Coordinrte 

1205300.3a ~020153.49 
1205361.38 626144.08 
1205379.57 Q2~591.Q~ 
i205381.03 828558.05 
1205382.48 826540.27 
12O4855.04 620431.26 
1205808.00 826167.00 
1205W5.00 628175.00 
1205O42.W Q261QQ.W 
1205038.00 828164.00 
1205036.W 626201.00 

NIA NIA 

85 
0% 
72 
70 
100 
3% 
37 
67 

178 
11% 
151 
128 
174 
128 
100 
145 
183 
137 
152 

123.42 82.38 125.11 60.69 
115.07 70.35 DRY NIA 
120.01 02.01 121.77 80.25 
llo.ai 66.53 112.47 64.87 
111.89 85.87 113.73 64.13 
111.02 84.53 112.83 62.72 
111.47 64.50 113.21 62.76 
120.28 83.03 122.03 82.08 
120.72 63.80 122.38 81.83 
123.52 62.46 125.18 80.82 
122.78 83.11 124.48 01.41 

125.71 eo.00 121.20 04.51 81.92 1.98 
NIA NIA NIA NIA 70.35 #DlVlOl 
N/A NIA NIA WA 61.13 1.24 
113.08 64.36 loa. 87.53 Q5.Q5 1.45 
11coa 83.77 108.82 60.94 65.QQ 2.36 
113.23 62.32 loa. 66.08 83.91 1.74 

NIA NIA 108.87 06.10 64.45 1.67 
122.51 81.80 110.75 85.38 63.22 1.72 
122.78 61.58 118.36 64.88 83.01 1.57 
128.25 58.75 122.04 63.66 81.75 1.05 
125.52 80.38 120.03 64.87 82.47 2.01 

134 115.83 81.70 117.74 59.89 110.51 58.12 113.83 63.70 61.10 2.04 
100 115.01 81.74 117.61 5Q.M 118.23 58.32 113.83 63.82 61.23 2.07 
123 113.27 82.45 115.14 60.50 115.96 50.78 111.08 64.64 01.06 2.17 

127 lis.sa 83.58 110.70 81.78 110.81 80.87 114;03 65.75 62.95 2.22 
12% 117.88 83.52 , 118.73 61.75 120.85 60.83 115.88 85.82 62.88 2.18 
128 118.30 83.43 120.14 81.85 121.25 80.54 110.22 65.57 82.80 2.20 
128 lls.ai 83.45 110.78 01.00 118.83 80.53 114.73 65.63 02.00 2.24 
12% 114.59 63.80 llQ.u, Q1.QQ 117.52 60.87 114.23 84.16 82.71 1.55 

1208134.W 623800.00 122.38 
1207BOB.00 623467.00 105.48 

! 
t 

WtfF.bOW-1 
WHF-BOW-2 
WHF-53 
'UHF-50s 
WHF-500 
WHF-58s 
WHF-590 
WHF.blOS 
WHF-b1W 
WHF.bPZl 

120962O.W 626664.00 i05.8a 
l2o9Q2Q.1Q 82B573.36 100.02 
1208754.55 629800.88 102.02 
1210154.W 630W1.55 177.44 
1210141.08 630890.23 177.88 
I200644.W Q3OQ1Q.Q~ 175.55 
1208825.20 630Q11.55 175.87 
l208320.71 630364.77 104.11 
~2083w.00 830355.03 104.32 
208627.42 62B645.QQ 100.00 
~2OQQ2Q.16 Q2aQ11.QQ 105.80 

209957.06 629374.42 177.83 
2oaa00.88 82a386.8Q 177.55 
210053.88 628125.27 175.72 

20Qa55.15 l62BQ7O.W 100.58 
206651.60 828804.38 101.40 
2oaQ62.QQ Q2QQ12.25 101.78 
2oaaw.w 628774.47 100.36 
208964.83 829903.81 170.38 

I WliF-6-1s 
WHF-Q-10 

IWHF-331 



1 EestinQ 1 Northing 1 Welt 1 Wd 1 1 WeterLevel II Weter Lavel II Wetsr Level CumolottvoStatieticrl 
lnlomtntion 

T Coordinota 1 Coordinate 1 (Ft.MSLl 1 (Fast1 1 1 Faet6TOC Ft.aboveMSL 1 Feet6TOC Ft.obovsMSL Feet QTOC Ft.tbovtMSl 

iANSITES 

I I 
I 12Q.QQ 57.78 

117.20 55.84 

127.08 00.47 
128.00 65.43 
128.24 85.70 
128.53 60.25 
123.40 6Q.QQ 

NIA NIA 
121.17 57.04 
123.00 57.58 
123.72 50.17 

130.58 

118.36 

127.11 
128.71 
12Q.QQ 
130.18 
124.14 

120.10 
122.78 
125.43 
125.43 

128.60 58.09 

114.31 58.83 

127.31 88.22 
128.23 85.28 
120.45 65.57 
12074 66.64 
123.81 QQ.Qfl 

11Q.W 58.27 
12o.Ll4 59.01 
122.23 58.28 
121.52 80.37 

1 110.15 1 53.88 53.70 

65.70 
04.81 
65.14 
85.59 

I 
ea.33 

57.08 
56.35 
56.00 
58.46 

55.84 2.34 

65.81 0.57 
64.87 0.49 
85.27 0.53 
65.73 0.54 
69.51 0.52 

57.51 1.60 
57.28 1.51 
57.10 1.69 
57.78 1.85 

128.35 85.10 
127.17 64.35 
128.43 84.59 
130.74 85.04 
124.82 QQ.Q5 

121.11 56.16 
123.35 55.76 
126.00 55.49 
125.78 56.10 

WUF-2C1 
WtiF-282 
WUF-283 
HF.204 

I WUF.302 
WHF-36-3 
WHF9O-4 

~120a0Lta.14 ~020431.51 
iANSITES 

WHF.SlS 
WHF-31 
WHF-010 
WIiF-32S 
WHF-3-21 
WUF-320 
WHF-33s 
WHF-331 
WtlF33Ll 
WHF-34 
WttF.37% 
WHFS7i 
WHF-3-m 

SITE4 
WHF41 

1207821.58 832208.35 172.87 123 103.63 ea.34 1O4.70 00.1a 105.52 87.45 102.40 70.57 6Q.QQ 1.36 
t2078ii.51 8321a0.88 174.82 153 105.82 88.30 108.78 60.16 107.49 87.43 N/A WA 68.30 0.94 
1207816.O4 832178.41 172.07 180 103.81 00.16 lO4.a3 00.04 105.63 87.34 102.53 70.14 68.75 1.36 
1207702.88 832104.34 172.78 114 101.37 71.41 102.31 ?O.47 102.83 68.85 ea.10 73.82 71.34 1.65 
1207705.00 632185.00 175.37 153 106.08 QQ.2Q 107.21 60.16 107.88 67.40 101.87 70.50 QQ.Q6 1.32 
1207705.18 632103.58 173.14 178 103.40 88.88 itw.88 es.45 105.37 117.77 102.34 70.80 ea.17 1.34 
1207QB5.36 832062.10 175.23 111 103.06 72.17 lO4.42 70.81 105.44 60.78 101.55 73.68 71.81 1.09 
1207883.82 632O4O.10 178.10 154 109.29 QQ.QQ 110.45 67.73 111.07 87.11 107.86 70.22 QQ.4Q 1.37 
1207803.53 032010.a1 175.60 101 1oQ.QQ QQ.Qo 108.11 87.58 108.75 86.84 105.55 70.14 88.37 1.41 
1207451.48 6321B4.58 174.30 121 105.02 68.38 108.15 60.23 ioB.ai 67.47 103.68 70.38 QQ.Q6 1.28 
120700a.50 83225i.08 173.27 124 103.80 88.47 w.sa 88.38 105.81 67.88 102.53 70.74 QQ.oQ 1.34 
1207880.04 832251.58 173.25 140 103.77 68.46 104.89 68.38 105.59 67.66 102.52 70.73 6B.06 1.34 
1207852.01 832252.07 173.28 101 103.06 80.43 lO4.06 68.33 105.67 87.82 102.57 70.72 ea.03 1.35 

1200536.10 Q327QQ.31 172.45 153 101.72 70.73 103.55 80.80 103.19 88.26 loo.47 71.00 70.22 1.42 

G:IUQERStWNITlNGIW'TRLVLa4.XlS 

> 1 



Monitoring 
Wefl 

Idtntffier 

tlTE32 
WIG-32.1 
WHF.32.2 
WHF-32-3 
WHF-324 
WHF-32-5 

USTtlTt 
SITE1468 

WHF-1488-l 
WHF-1488-10 
WHF-1488-2 
WHF~l48R20 
WHF-14883 
WHF-148s3fJ 
WHF.14884 
WHF-148&5R 
WHF.1488.8 
WHF-14888t 
WlfF-14868D 
WHF-148s8DD 
WTiF-148&T 
wHF.1488.8 
WHF-14881 
WTiF~148&8D 
WHF-148CEDD 
WHF.14880 
WHF.14858 
WHF-MB00 
WHF.148CODD 
WHF-148SlO 
WMF-1488.11 
WHF-1488-12 
WHF.1488-13 
WHF.148814 
WlfF-148615 
WfiF.148518 
WHF-148R17 
WHF-1488-18 
HfF-148a10 
WTfF.1488.20 
WHF-148621s 
WHF-1488211 
WHF-148a2lD 
WHF.148822s 
WHF-148522l 

1208818.54 827384.8 
1208038.38 820050.5 
1208033.88 828823.41 
1208484.21 828800.30 
1208314.80 828573.52 
1208808.28 828383.08 
1207022.74 828288.48 
1208058.70 827828.38 
1207820.83 827108.12 
1207808.00 827114.00 
12077BB.00 827121.00 
12D778O.OD 827132.00 
1208218.03 828725.15 
12DBOOO.02 828883.47 
1208072.DO 828870.00 
1208B82.00 828875.00 
1208052.00 828882.00 
1210482.27 827844.87 
1210480.00 827851.00 
1210403.00 827884.00 
1210488.00 827875.00 
1208857.23 827102.33 
1210525.94 828485.13 
1200584.71 820128.78 
1209414.18 828OD8.70 
112D8B44.8!i 828082.00 
1200188.10 827811.48 
1209882.19 827740.42 
1208283.50 827818.17 
1208171.17 828402.10 

I 1208702.50 1208717.W 1208807.84 828370.34 82328580 828841.71 

1208710.08 823280.00 
1208702.00 823273.00 
120BB48.00 823803.00 
12OOB82.00 823538.08 

Well iii- 
TDC Depth 

ELEVATION BTOC 
fFt.MSL) IFontl 

171.88 110 08.02 72.08 
172.27 111 86.32 72.05 
172.01 110 08.74 72.27 
172.20 110 WI.45 72.84 
172.15 110 tmltl 73 56 

177.7t 135 
101.2r 183 
180.7: 120 
lBO.o: 144 
107.4: 145 
17B.7! 118 
190.3; 151 
175.11 132 
173.01 131 
173.M 180 
173.Of 180 
172.8f 218 
172.2t 131 
172.24 131 
172.58 171 
172.2E 180 
172.84 220 
173.20 118 
173.4E 180 
173.11 18D 
173.44 220 
172.08 122 
175.87 104 
180.82 147 
177.31 130 
181.05 135 
177.81 135 
178.40 135 
177.01 134 
185.58 135 
180.81 145 
187.7f 140 
82.3E 40 
81.75 80 
81.44 88 

130.38 108 
138.23 140 

I Water Level I 
2/8/w-2/0/g4 

Depth Elevation 
Feet BTOC Ft.obovoMSL 

100.24 
100.84 L N/A 

N/A 
00.04 

-- 

125.81 1 52.1: 
134.4f I 58.71 
100.2! i 71.4; 
132.8: I 57.11 
142.7: I 84.81 
123.3t i 58.44 
138.7f I 53.51 
123.3i 1 51.8f 
123.41 I 40.81 

125.71 
134.7 
100.3! 
133.1! 
143.04 
123.8; 
137.M 
123.4t 
123.31 

NIA NIA NIA 
NIA N/A NIA 

102.22 70.08 101.01 

115.81 
00.43 

132.08 
120.48 
111.84 
124.28 
117.04 
125.13 
125.08 
133.36 I 
133.01 I 

58.17 
77.44 
57.84 
58.83 
80.41 
53.53 
58.45 
52.78 
50.80 
55.0 
543 

NIA 
07.07 

13219 
N/A 
111.50 
124.48 
118.07 
125.32 

NIA 
133.71 
133.3; 

Water Level 

5 
1 
5 
5 
6 
I 
I 
1 
I 

I 

I 

I 

I 
I 

I 
r 

T 
52.04 121.8! 55.c 53.3; 2.2: 
58.5: 131.M: 80.21 57.8! 2.01 
71.31 108Of 71.7; 71.5: 0.U 
58.8E 128.84 81.Of 58.31 2.31 
54.38 138.4i 5o.M: 55.81 2.01 
58.08 110.18 80.51 57.81 2.5E 
53.37 133.34 57.0; 54.8f 2.Of 
51.78 110.06 55.21 52.Ot 1.07 
40.70 110.8C 53.2f 50.01 2.08 

NIA NIA NIA 
N/A NIA NIA 

o.ot 

O.OE 

hltl 
0.04 

71.20 100.15 73.OE 71.77 1.12 

NIA N/A NIA 58.17 IDIVIO! 
7780 08.58 78.28 78.21 0.98 
57.73 127.08 81.08 58.18 2.41 

NIA 118.W 50.31 58.07 1.75 
88.55 111.55 88.50 80.40 0.07 
53.32 134.12 43.80 50.18 5.82 
50.52 118.74 50.75 50.57 0.18 
52.50 121.87 58.24 53.87 2.05 

N/A NM N/A 5B.80 lDlVlOl 
55.03 130.1 58.71 58.M 2.05 
54.38 120.88 58.01 55.74 2.03 

Wotsr Level 
10/1018+101131e4 

Depth 1 Elovotion 

CumuletivoStetisticel 
lnfonnrtion 

T 



Monitoring 
Well 

ldtntifiir 

fflF.1488220 
SITE1467 

fflf-1487.1 
f-RF-1487-2 
YHF-1487.2D 
fflF-117.3 
fHF.14874 
YHF-1457.5 
fHF.1487.50 
MF-1487-8 
fHF-1487.ND 
MF-1457.7 
fHF.1487-70 
Mf-1487.8 
MF-1487.ND 
MF-1487.0 
MF-1487.10 
MF-1487-11 
IHF-1487.12 
MF.1487-13R 
tliF-1487-14 
MF~1487~18 
MF-1487-17 
MF-1487-18 
MF-1487-10 
MF-1487-20 
MF.1487-21 
MF.l487-22R 
MF-1467.23 
MF-117-24 
MF-1457-25 
MF-1487-28 
MF-1457-27 
MF-1457.28 
9#+87-m' 
IiF-1487.30 
HF*1487-31 
'HF-1487.32 
'HF.1487.33 

SITE3054 
!fF-3054-l 
IiF-3054-2 

1208BBO.11 832144.48 
1200133.88 8328B8.85 
1207387.82 831070.72 
1200287.00 833301.80 
12OBOO3.20 831782.58 
12D8824.88 831802.78 
120B045.38 833347.40 
12D855O.Bl 831582.10 
1208432.97 833087.31 
1208052.40 832855.18 
12OBO74.01 833275.00 
1208877.55 833848.88 
1208890.70 832158.47 
1208307.28 833080.18 

1208424.03 833512.23 

12OB301.78 832312.00 
1207731.08 831553.80 
1207111.10 831330.88 
12W345.83 831844.43 
1208407.82 832881.10 
1207501.45 833004.12 
1207871.24 832857.17 
1207384.8B 831B42.88 
1207B81.08 832105.77 
12OB388.50 832084.82 
120B544.22 832785.31 
1208891.18 833034.12 
1208423.D2 833WB.08 
1207310.28 832473.23 
1207802.58 832787.80 
1208520.48 832477.02 
1208220.74 832540.70 
1207348.22 833177.47 
1208824.5B 833278.57 
'1208203.88 833103.51 

~1208021.73 827170.85 
1200W7.83 827272.31 

Well xi- 
TOC Depth 

ELEVATfON BTOC 
fFt.MSU (Fast1 

130.11 187 

Water Lsvel 

I’ 

Water Level W&r Lsvtl Water Level Cumulatiw Statistical 
913018 

Depth 
Feet BTDC 

Of1103 
Elevation 

t.tbovo MSI 

218l8r 10184 812210 
Depth Elevation Depth 

Feat BTOC t.abovaMSI Feet BTDC 

'24/W 
Ehwation 

~.ebovaMSI 

lollolv 0113lw lnfor 
Depth Ehwtion Mew Ekrtian 

Fast BTOC t.abovnMSL Ft.abovrMSl 

Ition 
Standard 

Dwiation (FtJ 

188.51 07 
157.44 85 
174.28 124 
157.25 05 
174.84 103 
173.27 loo 
171.77 140 
178.54 103 
188.23 102 
157.48 85 
158.18 120 
173.24 107 
188.85 127 
182.00 1w 
89.10 82 

158.40 00 
108.55 83 
184.57 00 
174.47 110 
177.05 115 
lls.w 108 
175.12 115 
180.33 105 
172.28 110 
173.03 111 
172.38 103 
172.57 101 
180.77 loo 
180.85 Bl 
188.28 Qe 
173.74 118 
173.03 108 
180.B8 loo .. 
174.23 103 
171.21 125 
182.31 1w 
189.88 84 

NIA NIA 
NIA NIA 
104.00 70.20 
84.18 73.08 
84.38 80.28 
80.31 82.08 
80.14 72.83 
84.74 81.80 
81.27 74.08 

NIA NIA 
87.41 70.77 
08.57 73.87 

NIA NIA 
88.55 74.44 

78.11 
103.90 
W.80 
84.30 
00.34 

101.15 
84.82 
02.w 
78.05 
84.38 

NIA 
101.33 
80.38 

02.01 W.BB 83.63 82.77 1.07 
01.33 75.28 82.18 81.75 0.50 
70.38 104.72 80.57 70.05 0.43 
72.45 81.9B 75.27 73.50 1.48 
80.25 02.78 01.88 80.80 0.93 
02.03 88.74 84.53 83.47 0.02 
70.82 08.W 73.77 72.34 1.50 
8lA2 82.87 03.87 82.44 1.05 
74.23 80.21 78.02 75.07 0.80 
81.43 75.01 82.47 81.05 0.74 
73.82 84.00 73.10 72.58 1.81 

NIA N/A N/A 73.87 XDIVIOI 
87.52 08.50 70.35 88.81 2.w 
73.83 88.08 78.13 74.73 1.28 

03.80 72.80 83.70 72.78 80.00 75.50 73.80 1.85 

81.01 82.88 82.11 82.44 SO.!i 83.82 82.81 
BB.00 75.47 NIA NIA 88.44 78.03 51.17 

104.21 72.84 00.13 77.02 101.70 75.28 75.34 
NIA NIA N/A RA NIA NIA NIA 
105.40 50.83 108.18 8B.08 103.24 71.88 70.18 
05.83 73.50 NIA NIA 03.42 75.01 74.71 

NIA NIA 102.15 70.11 90.44 72.82 35.73 
107.14 88.70 107.82 88.11 101.81 71.88 80.05 

WA NIA 88.21 78.17 84.21 78.17 77.17 
81.80 00.08 RI.80 81.8B 80.00 83.48 82.08 
88.80 80.87 oo.D4 80.73 07.83 01.84 81.1B 
83.80 78.08 81.18 78.80 82.80 70.25 77.30 
73.71 02.57 74.70 01.58 74.53 01.75 01.87 

104.44 80.30 105.15 8B.50 102.27 71.47 88.70 
102.75 70.20 WA NIA 100.78 72.25 71.27 

.~. d7.08 81.07 B7.18 01.80 85.77 83.10 e2.23 
05.74 78.40 45.72 70.51 81.51 70.72 78.01 
88.84 71.37 loo.71 70.50 00.02 73.18 71.80 
88.78 73.53 80.78 72.53 87.34 74.07 73.88 
77.80 02.08 77.83 02.03 77.78 82.10 02.w 

0.82 
44.33 

2.54 
N/A 

1.53 
1.70 

41.28 
4.18 
1.41 
1.31 
0.88 
0.83 
0.53 
1.50 
1.30 
0.78 -.-- 
0.70 
1.37 
1.23 
0.04 

171.47 125 NIA NIA NIA NIA 108.08 NIA NIA NIA 
171.00 118 NIA NIA NIA NIA NIA NIA NIA NIA 

i 



ATION WHITING FIELD. WATER LEVEL SURVEY DATA. 1884. UPOATED 2 APRIL 1997. 

H SITE ZIW 
WtlF.2894-1 
WHF-20041D 
WliF.28842 
WtlF-288420 
WHF.28043 
WHF.28B4.4 
WHF.28865 
WtfF-2804-8 

jWHF.2BB4-7 1 
NOTES: 

Eating 
stata 
Plat 

Coordiict8 

i 
onitoring walls z It UST sites 

Northing 
stmtr 
Pltnc 

Coordiicta 

Well 
TOG 

ELEVATION 
(Ft. MSL) 

ree, 
TOC - Top of Casing 
Ft. - Feet 
MSL - mean soa Iowl (NVGLlt 19277 
BTOC - below top of casing 

xii- 
Depth 
BTOC 
(Fact) 

Wnlar Level 
0/3Gf031011/03 

Depth Ekvrtion 
Fast BTOC Ft. above MSI 

t 
I 

em not surveyed by licensed. 

water LIWI 
2f8fW218184 

laional suneYon. 

wat 
NlZ?Jf 

t 

Depth 
Feet BTDC 

LlVSl 
~8124fW 

Elevation 
Ft. above MSI 

I Water Ltvtl 

NA - no access II - deeper intsrmediatr nquifor monitoring well 
P2 - piazomatrr 0 - daep aquifer monitoring well 
S - shadow aquifer monitoring well DO - daspsr rquifsr monitoring wall 
I - intemwdiute aquifer monitoring wall R - rcplactmtnt monitoring wtl 

ru13w 
Elevation 

I. nbove MS 

Cumulative Statistic*1 
Information 

Moan Elevation 1 Standard 
Ft. above MSL Dtviction (FtJ 



Monitoring 

r 

Wdl 
Identifier II 

PRODUCTIO F W-N2 
w-w2 
w-s2 I= BACKGROUN 
WHF.BKG-1 
WHF-BKG-II 
WHFBKG-10 
WHF-BIG-2 
WHF-BKG-21 
WHF8KG2lJ 

1.18 

WELLS WELLS 
120507B.54 120507B.54 838522.10 838522.10 
1205080.00 1205080.00 838507.W 838507.W 
12D507O.W 83B518,W 12D507O.W 83B518,W 
1208243.13 1208243.13 830722.35 830722.35 
1200253.00 1200253.00 83B507.W 83B507.W 
1200282.W 1200282.W 830724.00 830724.00 
1210827.07 1210827.07 835BNB.34 835BNB.34 
ROAII SITES ROAII SITES 

1203042.32 835143.15 
1203048.74 835151.80 
1203118.28 835344.00 
1203351.52 835188.25 
1203203.00 835000.W 

..-.._ -_.-_ 
---I 80.78 70.48 1.22 

81.50 80.17 1.25 
82.34 80.08 1.29 
01.47 00.31 1.18 

75.58 

85.81 
85.88 
85.55 
08.48 

72.48 
71.08 
73.51> 

74.51 

84.02 78.80 82.42 80.20 81.04 
83.80 70.28 82.12 BO.BN 81.58 
85.57 80.04 83.88 B1.75 83.27 
78.10 70.40 74.33 81.17 74.03 

78.08 1 78.08 73.W 1 73.w 75.58 75.24 75.21 75.58 75.24 75.21 

t 

108.05 
100.85 
111.80 
112.73 

111.17 83.70 100.30 85.57 108.05 
110.07 83.74 100.17 05.54 100.85 
113.82 03.43 112.13 85.22 111.80 
114.88 88.33 113.12 88.08 112.73 

100.30 85.57 
100.17 05.54 
112.13 85.22 
113.12 88.08 

84.38 78.28 
84.13 78.05 
85.01 70.70 
78.32 78.18 

77.45 73.35 

111.15 83.81 
110.84 83.77 

12024W.BN 834G88.88 
1202885.00 833880.W 
1203282.00 833887.W 

1205338.87 837015.03 
1205338.12 838003.00 
1205453.02 838831.50 
1205827.08 837108.18 

1203772.50 833080.33 
1203812.84 832783.00 

142.82 123 
143.08 75 
145.81 70 
155.50 87 
87.18 70 

150.80 87 
85.28 Bl 
07.80 Bl 

184.88 118 
184.71 158 
107.35 122 
201.21 127 

183.57 
184.75 
175.84 1204225.03 )833101.70 L 

ROADSITES 

I I I 

120 
108 
113 

WtiF-1.1 
WRF-1-1s 
WHF-1.2 
WlfF-l-3 

l.OB I WHF-2-l 
WHF-2.2 

90.78 72.81 
03.28 71.47 

101.03 73.71 

WHF-17.1s 
WHF-17-l 
WHF-17.2 

84.77 1.13 
84.73 1.13 
84.42 1.13 
87.31 1.14 

71.80 O.OB 
70.55 0.84 
72.80 0.04 

81.00 L 93.80 
102.13 

I WHF-la1 
WHF-18-2s 

103.48 1 72.18 

82.82 

I 

83.73 
05.88 85.08 I hliF-01 

WHF-92 
121421B.01 828507.84 148.55 118 
1213871.W 828838.W 181.07 124 
1211081.08 828818.01 150.85 108 

1214221.83 828137.54 145.73 118 
1214083.01 82BOB1.58 150.75 113 I WHF-101 

WIIF-10-2 
83.07 

I 

82.78 
B8.00 82.75 

GdUSERF""'YINGWTRLVLO5XLS 

> 



TION WHITING FIELD. WATER LEVEL SURVEY DATA. 1885. UPDATED 02 APRIL 1987. 

Eosting Northina WeH -xii- 
stm state TDC Depth 
Plono Plans ELEVATIOI BTDC 

Coordinate Coordinoti (Ft.MSLJ (Foot) 

Water Level Water Level Water Level Water Lavel Cumulative Stotisticol 
111011 

Depth 
Foot BTOC 

ll13lS5 
Elevation 

:t.oboveM! 

411BlI 
Depth 

Feet BTOC 

120105 
Elevotion 

t.oboveMS 

7/28/I 
Depth 

Foot BTOC 

‘/20/05 
Elevotion 

Ft.obovsMI 

lwl2ll 
Depth 

Foot BTDC 

~Oll4lO5 
Elevation 

:t.oboveMS 

Info 
Urn Elevotior 
Ft.obovoMSL 

1215235.28 827382.24 118.8 54 
1215504.28 827581.88 124.81 128 
12142BN.W 828575.17 148.1 128 
1215520.53 827481.72 117.1' 73 
1215055.00 827372.00 120.4 70 
1215055.W 827382.W 125.71 108 

44.5: 72.0 44.0: 72.8: 14.4' 72.24 44.11 72.1; 72.3! 0.2 
57.1; 87.81 58.Bi 87.m 58.41 88.3; 58.Bl 87.01 87.01 0.2 
89.2: 58.81 80.5f 58.51 88.7: 50.31 O&4! 58.8; 50.81 0.3 
57.0; 50.2: 57.74 59.4! 57.3' 50.81 57.8' 50.31 50.4l 0.2 

1214870.02 827457.07 138.4 113 
1214581.W 827418.00 135.51 85 

78.01 NO.% 78.22 8O.H 75.31 81.0: 75.01 80.4' 80.41 0.3 

1215513.08 828784.30 loB.0: 81 
1215500.34 828304.81 102.81 123 
1215474.00 828745.W 108.1: 03 
1215502.80 828OBO.B8 102.81 72 

51.11 57.71 51.02 57.02 50.8i 58.35 51.3 57.8: 57.01 0.3 
48.7: 55.0: 48.81 58.oE 48.1I 58.41 40.03 55.7: 58.01 0.3 

47.8t 55.21 47.84 55.21 40.OB 58.71 47.08 54.OE 55.52 D.N! 

1214547.12 825482.71 
1214432.70 825372.17 

'1208208.41 825518.50 
1208087.73 825812.81 
12WO70.85 825801.85 
1208OW.40 825025.70 
12D84GO.88 828123.35 
1208488.15 828085.58 
1208400.28 828150.20 
1207477.30 825555.48 
1208871.97 824882.42 
1208875.W 824084.00 
12W882.W 824078.00 
12D8200.12 825420.45 
1208306.83 825412.48 

130.81 153 W.3( 55.31 84.87 55.02 83.N 55.78 84.84 54.85 55.28 
145.81 118 00.01 54.8; 01.41 54.39 90.55 55.25 Bl.SE 54.2E 54.88 

88.3! 
50.51 
80.1f 
50.3f 
80.21 
8@.8f 
80.44 

143.26 
104.14 
105.11 
108.11 
74.28 
75.08 

24.04 41.41 24.72 41.83 24.75 41.88 23.M 42.4I 41.77 
17.88 41.Bf 17.15 42.43 17.55 42.03 15.83 43.05 42.50 
18.43 41.81 18.20 41.Bll 18.28 41.02 17.25 42.85 42.05 
17.73 41.8f 17.52 41.87 17.81 41.78 18.84 42.78 42.03 
24.24 45.OE 24.08 45.21 23.05 45.34 23.08 48.21 45.45 
24.03 44.7f 24.01 44.88 24.85 45.01 23.88 45.81 45.12 
24.20 45.24 24.11 45.33 23.05 45.4B 23.25 48.18 45.58 
05.02 47.31 08.32 48.07 es.38 47.00 95.85 47.34 47.40 
82.82 41.52 82.50 41.84 82.33 41.81 82.07 42.07 41.78 

32.50 41.70 32.28 42.01 32.31 41.08 31.45 42.84 42.18 
33.53 41.55 33.35 41.73 32.33 42.75 32.50 42.40 42.13 

1206085.W 824B44.00 
1208058.W 824848.00 
1208017.W 824848.00 

-I- 1205320.04 828578.87 
1208255.07 828783.30 
1208257.07 8288W.30 
1206255.80 828773.31 
1205407.34 82818B.O8 
12D54D1.50 828181.38 

70.87 
70.48 
78.08 

73 
33 
83 
112 
38 
08 
110 
108 
88 
08 
128 
u 
123 
80 
120 
148 
55 
85 
117 

50.04 43 10.87 36.37 10.53 38.51 10.58 30.48 10.02 40.02 38.50 
83.88 50 37.48 48.20 37.30 45.38 37.11 48.55 38.44 47.22 48.58 
82.10 74 38.05 48.14 35,88 4Bxl 35*88 4#.5! 35.83 4?.18 48.53 
80.8D 130 34.08 45.84 34.52 48.08 34.33 48.27 33.72 48.w 48.22 
51.88 23 12.84 30.05 12.45 30.24 12.70 38.89 11.84 30.85 30.28 
51.31 53 12.43 38.88 12.25 38.08 12.38 38.03 11.88 30.85 38.13 

Well 
Identifier 

SITE11 
WliF-l&IS 
WHF-11-l 
mlF-11.2 
WHF-11-3 
WHF-1148 
WHF-1140 

SITE12 
WHF-12-l 
WHF.12.2 

SITE13 
WlfF-13-1s 
WtfF-131 
WHF-13-11 

Ition 
Stondord 

Dtviotion (Ftl 

0.4: 
0.U 

04 
0.W 
0.9 
0.5: 
0.5: 
0.4; 
0.4: 
0.31 
0.24 

0.41 
0.58 

0.28 
0.45 
0.45 
0.51 
0.39 
II.35 

#VHF-lb1 
WHF.lb2S 
WHF-lb1 
WHF-1520 
WHF-153s 
WHF-153l 
WHF-1530 
WHF-154s 
WHF-155s 
WHF-1551 
WHF-1550 
WHF-158s 
WHF-lb8D 
WliF.157S 
WHF-lb7l 
WHF-15m 
WHF-158s 
WHF-lb81 

I W?iF-lb1 
WlfF-lb2S 
WHF-lb2 

I 

WHF-lb2l 
WlfF.lb3S 
WHF-153l 



NAVAL AIR STATlONWHlTlNGflELO-WATERLEVELSURVEYOATA-lOO5-UPDATED02APRlLlOO7. 

well 
Depth 
BTOC 
(Feet) 

78 
110 
22 
65 
123 
14 
22 
62 
15 
49 
75 

05 
88 
72 
70 
100 
39 
37 
97 

Water level 
71281957120105 

s 

8.06 42.44 
14.55 46.24 
13.14 39.97 
13.11 39.76 

1: :1 ‘I- 
, 

3.59 33.09 

~-~ 

EdrIg 
I I 

Northing 
SW@ Stete 
Plene Pfena 

Weterlevel CumuleliveStetieticel Welerlevel 
VlOI9! 

Depth 
Feet ETOC 

12.32 
8.05 

14.09 
13.00 
13.06 
3.00 

wmr Levd 
5-4 120195 

Elewiion 
F ~.aboveMS il 

39.0( I 
42.4! 5 
10.7' I 
39.9: 2 
30.71 B 
33.B 4 

1265391.36 626144.00 
1265378.57 626501.99 
1205301.03 626550.65 
1205362.49 626540.27 
1264055.8) 626431.29 
1265006.00 629167.66 
1265065.W 929175.W 
1265642.00 629199.00 
1265039.66 626lQ4.66 
1265036.00 626201.W 

I 
I 
I 

We A 

TOC 

IEVATION 
vt. MSLl 

51.22 
51.46 
54.70 
53.01 
52.67 
37.54 
58.57 
56.77 
30.27 
30.17 
38.05 
30.73 

1206134.00 6230W.W 122.30 
1207009.00 623467.00 105.40 

lnfon lion 
HetnElmtion Stendtrd 
Ft.eboveMSL Dwimtion (FtJ 

38.87 0.35 
42.59 0.36 
40.87 1.27 
40.w 0.30 
39.99 0.28 
33.96 0.27 

11101051113lO5 
Oepth Elewtion 

Feet BTOC Ft.aboveMS 
12.40 36.73 
0.06 42.34 

14.90 40.10 
13.24 30.77 
13.22 30.65 
3.60 33.94 

L 

16mo 
Depth 

Feet BTOC 
11.74 
9.26 

11.95 
12.58 
12.58 
3.2: 

twa5 
Ebvation 

t.vboveMSI 
39.40 
43.12 
42.64 
46.45 
40.31 
34.28 

I 
L 

, 

I 

L I 
8lTES 

I I 
1200920.00 620664.00 195.80 170 124.30 61.50 121.09 64.72 120.21 65.58 110.72 66.08 64.47 2.08 
1200628.16 620573.39 186.02 116 114.76 71.20 114.05 71.07 114.79 71.24 114.69 71.34 71.23 0.11 
1209754.55 62OOW.06 182.02 151 117.w 65.02 117.50 64.43 119.70 65.23 116.15 65.87 65.14 0.58 
1210154.w 636801.55 177.44 126 100.26 66.19 100.36 69.W 107.76 69.90 107.10 70.34 69.32 0.92 
1210141.99 636988.23 177.99 174 107.96 99.98 109.92 69.24 toe.93 99.23 107.95 70.01 69.34 0.91 
1209644.w 936610.99 175.55 129 106.71 66.84 166.07 66.50 109.01 97.54 107.17 98.39 67.34 0.91 
i209625.20 930611.55 175.07 190 109.32 69.65 109.29 99.99 109.42 67.55 107.59 99.39 67.32 0.93 
1209320.71 636364.77 194.11 145 117.90 66.22 116.15 65.06 117.26 66.93 119.53 67.58 96.65 0.72 
12093W.09 630355.03 164.32 163 116.47 65.95 116.63 95.69 117.72 66.&J 116.97 67.35 66.37 0.76 
1200627.42 620645.69 166.00 137 ,l20.70 95.22 121.31 64.69 120.64 65.36 120.37 65.63 65.23 0.40 
126Q626.19 629611.96 195.80 152 110.04 66.06 120.42 65.46 110.64 66.26 110.20 66.70 96.13 0.51 

1208857.06 620374.42 177.63 134 112.64 64.70 113.50 04.13 112.64 94.90 112.17 65.46 
1209886.99 62O36O.OQ 177.55 190 113.03 64.52 113.32 64.23 112.40 65.15 111.94 65.81 
1216053.98 629425.27 175.72 123 110.24 65.40 110.71 65.01 109.e1 65.01 100.36 66.39 

1209855.15 92067O.W 190.59 127 113.91 66.67 114.50 66.09 113.68 09.80 113.09 67.40 

126QO5l.W 629904.39 191.40 126 114.01 66.57 115.51 65.97 114.68 69.90 114.06 97.42 

126QQ62.99 620012.25 181.79 120 115.36 99.49 115.89 85.80 115.03 86.79 114.50 67.29 

120QQQ0.06 620774.47 190.36 126 113.63 66.53 114.32 66.04 113.50 66.77 113.64 67.32 

1209964.63 629903.81 178.30 126 111.53 86.86 112.11 96.29 111.20 67.10 110.97 97.72 

64.64 
64.99 
65.60 

66.70 
66.69 
66.61 
69.67 
66.00 

0.55 
0.62 
0.56 

0.59 
0.60 
0.56 
0.53 
0.60 

G~USER~""'(TING\WRl~95~lS 
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WHF.3l.lS 
wHF91.2S 
WHF-31.3s 
W?iF-314S 
WHF-3141 
WHF-31-40 
WHF-31-W 

WHF-5OW.1 
WtlF&OW-2 
WHF-53 
WHF-SBS 
WHF-SOB 
WHF-SBS 
WHF-580 
WHF-510s 
WHF-ClW 
WHF-BP21 

I wHF*6lS 
WHF-6-10 

WHF-33-l 
MfF-33-2 L WHF-333 
WHF-334 
WHF-335 



7z!iEzlrll Cunwlotive Sletioticel 
Infamln1ian 

MonilotinQ 
Wdl 

Identifier 

WELT WELL Sll 
WHF-351s 
WHF-3511 
WHF-35-10 
W?iF-36.1s 
WHF-36-1s 
WHF-361s 
SOUTHFIELDHC 

SITE7 
WHFd.1 

SITE 9 
WHF-&I 

SITE28 
WHF-201 
WHF.292 
WHF-293 
HF.281 
WHF.2C5 

SITE30 
WHF.302 
WHF-303 
WliF.3M 
WHF-305 
NORTHFlELDllA 

SITE3 
WliF-3-1s 
WtlF.31 
WHF.SlD 
WliF.3.2S 
WIIF-3-21 
WHF-320 
WIIF-33s 
WtiF-331 
WHF.998 
WHF-34 
W?iF-37s 
WHF-371 
WHF-370 

I 

iliii 
WliFIl 

1120QMl.W O2O5OQ.46 

1200897.07 827205.25 

1208848.85 620119.88 
1208818.75 626M3.95 
1209648.45 628031.16 
1208603.43 629037.14 
l2O6O2O.l5 629497.33 

1208413.33 628006.95 
1209292.06 928032.95 
1209294.40 62Ol6l.QO 

103.53 
101.52 
194.02 
105.76 
193.47 

177.27 
178.11 
181.49 

127.60 58.05 

114.06 59.09 

125.82 67.81 
125.05 66.47 
127.14 O6.OO 
129.46 67.30 
122.37 71.10 

119.56 60.71 
118.98 80.43 
121.30 80.19 
120.91 90.99 

128.13 58.92 127.34 60.41 

114.62 58.52 113.99 50.49 

125.66 67.65 125.77 67.76 125.53 68.00 
125.14 66.36 124.03 66.59 124.73 69.70 
127.24 66.78 127.02 67.00 126.77 67.25 
128.48 67.30 129.25 67.53 12o.w 67.78 
122.46 71.01 122.28 71.21 122.14 71.33 

116.88 80.38 
119.07 90.04 
121.73 59.76 
121.42 80.47 

119.34 60.93 
11o.43- 6O.OO 
120.88 60.53 
120.48 91.41 

-- 

116.25 
118.33 
120.85 
120.27 

lW.81 72.16 
102.79 72.13 
100.88 72.01 
BO.16 74.63 

103.20 72.17 
lW.69 72.45 
loo.47 74.76 
166.41 71.77 
101.13 71.56 
102.25 72.13 
100.95 72.32 
lW.92 72.33 
1Ol.W 72.20 -- 

09.55 73.80 

~1209609.14 j628431.51 1 191.99 1 159 1 L 
AllSITES 

I I 
1207821.59 632209.35 172.07 123 101.91 
1207611.51 632lOO.6O 174.02 153 103.79 
1207910.M 632178.41 172.97 190 101.85 
1207762.96 632184.34 172.78 114 101.66 
1207765.00 632lQ5.W 175.37 153 104.18 
1207765.16 632193.56 173.14 176 98.61 
1207995.38 632082.10 175.23 111 101.04 
1207693.62 93204&10 178.19 154 107.36 
1207893.53 932019.91 175.99 181 101.98 
1207451.48 632lQ4.59 174.39 121 106.24 
1207969.50 632251.08 173.27 124 101.05 
1207960.84 932251.59 173.25 140 101.97 
1207652.01 932252.07 173.20 161 102.00 

102.19 70.91 
104.14 70.78 
102.30 70.67 
00.05 73.73 

lM.55 70.92 
102.21 70.93 
101.45 73.78 
107.76 70.42 
165.39 70.31 
103.59 70.78 
102.28 70.88 
102.26 70.09 
102.34 70.95 

1208538.19 I 932766.31 172.45 I 153 II 99.53 72.82 I 99.70 72.76 

60.12 0.41 

59.15 0.46 

97.76 0.18 
66.56 0.16 
66.09 0.20 
67.48 0.23 
71.16 0.14 

60.~6 0.29 
60.48 0.33 
60.26 0.46 
61.12 0.51 

lW.95 72.32 71.61 0.74 
102.59 72.33 71.50 0.75 
100.77 72.20 71.4a 0.75 
86.96 73.82 73.33 1.52 

102.97 72.46 71.65 0.79 
lW.50 72.64 72.64 1.46 
lW.!iO 74.73 74.37 0.47 
106.19 71.80 71.25 0.75 
103.93 71.96 71.12 0.72 
102.03 72.35 70.95 194 
100.72 72.55 71.90 0.76 
100.70 72.55 71.70 0.77 
lW.79 72.51 71.79 0.76 

89.69 73.76 IL 73.33 0.50 

q.-- 
II 



NAVALAIRSTATlONWHlTlNGFlELD-WATERLEMLSURVErOATA.lO95-UPOATED02APRIL19Q7. 

Monitoring 
Well 

Identifier 

F 
SITES2 

WHF-32-l 
WHF-32.2 
WHf.32.3 
WHF-324 

WHF-1466-l 1200010.54 627304.0 177.70 
WHF-148610 1206936.38 928050.5 181.24 
WHF-14662 1208933.99 628823.41 190.72 
WHF-148820 12oQ4Q4.21 o288oo.38 lOO.03 
WHF-1466-3 1208314.69 628573.52 197.42 
WHF-146630 12OQW6.28 628363.O8 170.75 
WHF-14864 1207922.74 O2O20O.4O 190.37 
WHF-146a5R 1209056.79 627628.38 175.18 
wHf-146so t207929.93 627168.12 173.06 
WHF-146881 1207608.00 627114.00 173.06 
WliF-1466-W 1207799.00 627121.00 173.05 
wHf~l46S600 1207799.00 627132.00 172.96 
WHF-14657 1208216.03 629725.15 172.26 
Vmf-14689 12089QO.92 626663.47 172.24 
WHF-1486-M 1208972.00 626670.00 172.58 
WHF-1466-m 1208962.00 62O675.OO 172.29 
WHF-1468800 1200852.00 926682.00 172.64 
WHFl48EQ 121Q4Q2.27 627644.67 173.20 
wHF-146am 1210469.W 627651.00 173.46 
m(f-146&W 12104Q3.00 627964.W 173.11 
WHF-W&W0 12lLWQO.W 627675.00 173.44 
wHF-146alo 1209657.23 827192.33 17208 
WHF-1466-11 1210525.8) 628465.13 175.87 
WHF-146812 12095Q4.71 629128.76 188.92 
WHF-1466.13 120Q414.19 628006.79 177.31 
WHF-1486-14 12OOQ44.85 628092.09 181.05 
WHF-1466-15 1208198.19 O276ll.4O 177.81 
WHF-146&l@ 120966219 627740.42 178.49 
wHf~l46517 12QQ293.56 627OlO.t7 177.91 
WHF-146819 1209171.17 628402.19 185.58 
WHF-146&.19 1209907.84 62964l.71 loo.8l 
WHF-1468820 1206702.50 628378.34 197.76 
WHF-1466-21s 12W717.W 623285.00 62.39 
WHF-1465211 12067lO.W 623280.00 61.75 
WHF-1466210 1208702.W 623273.W 91.44 
WHF-148622s 1209Q4Q.00 '. 623603.00 139.36 
WHF-1465221 12WO62.W 823506.00 139.23 

EeStblQ Northing Well Wetl 
Stole Stale TOC Depth 
Plane Plene ELEVATION BTOC 

Coordinete Cootdinete (Ft.MSL) (Feet1 

1209014.14 633109.04 171.98 110 
l2O78O5.4O 633108.37 172.27 111 
1207992.17 633060.19 172.01 110 
1207880.17 6329OO.8O 172.29 110 
1209029.24 6332fi4.98 172.15 110 

135 
163 
120 
144 
145 
149 
151 
132 
131 
160 
190 
218 
131 
131 
171 
180 
220 
119 
160 
190 
220 
122 
104 
147 
130 
135 
135 
135 
134 
135 
145 
140 
40 
69 
96 
109 
146 

121.21 56.59 
130.20 61.04 
108.29 72.43 
128.01 92.02 
136.84 58.58 
119.24 61.51 
132.73 57.64 
119.32 55.86 
11Q.44 53.65 

119.21 53.05 
116.74 55.50 

100.23 72.87 

111.96 80.12 
87.01 78.86 

127.01 92.81 
116.56 60.75 
111.70 69.35 
119.81 57.87 
116.50 59.08 
121.00 59.91 
124.14 61.44 
129.30 59.51 
128.98 56.78 

I Water Level II W8terLevel II Welerlevel II Cumulative Sletioticrl 
4111054120185 

Depth 1 Elevation 
} Feet BTOC fFt.eboveMSl{ 

87.71 74.17 74.93 0.91 
99.14 74.13 74.88 o.ao 
97.48 74.52 75.47 0.85 
90.49 73.63 74.70 0.86 

1 97.45 1 74.70 1 1 86.25 1 75.wI 1 95.74 1 79.41 1 1 75.46 0.83 

T 

121.91 
131.7m 
108.43 
128.73 
139.18 
118.64 
133.32 
llO.OB 
119.98 

119.76 
117.4 

lW.91 

I 
I 
I 
I 
I 
I 
, 

I 
I 

, 
I 

I 

I 
, 

I 
I 
I 
I 
I 

I 

-i 

.) I 

112.60 
07.42 

127.71 
116.88 
111.46 
120.38 
116.63 
121.57 
124.28 
128.72 
120.42 

lnlonnotion 
MeenElevetion Stondord 
ft.ebovoMSL Otvittion(FtJ 

-I- T 
55.98 120.85 56.64 121.10 58.69 56.52 0.36 
59.54 128.83 91.41 120.50 61.74 90.93 0.97 
72.29 106.46 72.32 108.27 72.45 72.37 0.09 
91.30 127.81 62.22 127.53 62.50 82.01 0.51 
58.24 139.28 59.14 138.28 58.14 5o.7o 0.44 
60.81 116.36 83.39 NIA NIA 91.81 1.29 
57.05 133.42 59.95 132.55 57.62 57.37 0.43 
55.30 119.05 59.13 119.21 55.97 55.92 0.36 
53.20 119.13 53.98 119.34 53.76 53.64 0.32 

52.51 116.93 53.33 119.23 53.03 
54.84 116.46 55.76 116.74 55.50 

52.09 
55.46 

72.29 lW.52 72.69 lW.71 72.48 72.61 

59.46 111.81 60.14 111.93 60.15 58.87 
76.45 97.02 78.85 97.24 79.63 78.70 
62.21 126.91 63.11 126.43 63.49 62.83 
90.43 119.34 80.97 116.25 61.W 60.90 
69.56 111.53 69.52 111.50 99.55 69.50 
57.43 119.53 58.28 118.63 58.19 57.84 
59.86 119.36 60.13 116.33 60.16 60.04 
56.34 120.73 57.19 120.07 57.64 56.87 
61.30 123.96 61.62 123.85 61.73 61.52 
59.08 l2O.O6 59.83 129.77 60.04 59.94 
56.34 128.54 59.22 129.50 59.26 59.80 

0.34 
0.38 

0.29 

0.33 
0.26 
0.54 
0.28 
0.10 
0.38 
0.14 
0.37 
0.10 
6.43 
0.43 

GiUSERP “INGIWTRLVIBSXLS 
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NAVAl 3 ATIONWHITINGFIELO- WATERLEVELSURVEVOATA. 1085.UPOATEO02APRlLlOO7. 

MonfiorinQ 
Wdl 

Identifier 

WHF-1466-220 
SITE1467 

WTiF-1407-l 
WHF.1487.2 
WHF-1467-20 
WHF-1467-3 
WHF~l4074 
WHF-1467-S 
WltF.l487-50 
WHF-1467-6 
WHF-1467-90 
WHF-1487-7 
WHF-1467-70 
WliF-1467.8 
WHF-1467-W 
WliF.1487.9 
WHF-1467-10 
WHF-1487-11 
WHF-1467-12 
WHF-1467-13R 
WliF-1487.14 
WHF.l467-18 
WtiF-1467.17 
WHF-1467.18 
WHF-1467.19 
WliF-1467-20 
WHF.l487-21 
WHF-1467.22R 
m(F-1467.23 
WHF-1467.24 
WHF-146725 
HMF-1467.26 
WHF-1467-27 
WHF-1467.29 
WHF-1487~20 
WHF-1467.36 
WHF-1467-31 
WiF-1467-32 
WHF-1467.33 

SITE 3654 

Eestinp Northby Well 
state slots TOC 
Plene Plene ELEVATION 

Coordiiete Coordiieta (Ft. MSLJ 
1208063.00 623501.00 130.11 

l2OOOQO.ll 632144.48 
1208133.66 632QQO.O5 
1207367.82 631970.72 
1208267.09 633301.90 
1208003.20 o3l7o2.58 
l2OOO24.O~ 931602.70 
1208046.38 633347.46 
1209559.81 631562.10 
12OQ432.07 633067.31 
1209052.40 O32O~5.l~ 
1208074.01 633275.99 
1208077.55 633648.88 
l2O8OQQ.7O 632156.47 
1200307.28 633000.16 

1208424.83 633512.23 

1200301.79 632312.00 
1207731.08 631553.68 
1207111.19 63l33Q.6O 
1206345.83 631844.43 
1206407.62 932661.19 
1207501.45 633094.12 
1207971.24 632957.17 
1207364.09 631Q42.69 
1207091.96 632195.77 
12W368.50 632OQ4.92 
1208544.22 932795.31 
1208601.16 633034.12 
12OQ423.02 ~33O~O.O~ 
1207310.29 632473.23 
1207602.58 632767.80 
1209520.40 632477.02 
1200220.74 632548.78 
1207346.22 633177.47 
12LlQ624.59 633276.57 
1208203.96 633103.51 

168.51 87 
157.44 85 
174.20 124 
157.25 05 
174.64 103 
173.27 100 
171.77 146 
176.54 103 
169.23 102 
157.46 95 
158.19 128 
173.24 107 
169.85 127 
192.00 100 
09.10 92 

156.40 00 
106.55 a3 
194.57 90 
174.47 110 
177.05 115 
115.00 106 
175.12 115 
160.33 105 
172.26 110 
173.93 111 
172.38 103 
172.57 101 
199.77 100 
180.65 81 
169.28 SO 
173.74 119 
173.03 106 
168.06 100 
174.23 103 
171.21 125 
192.31 1w 
lOQ.QO 84 

Weter Level Water Level Weter Level Waler Level Cumulative Stethticel 

BiOC 
(Feet] 

187 

111010! /13105 4/19/0 
Depth Elevetion Depth 

Feet BTOC t.ebove MSI Feet BTOC 

~20195 
Elsvetion 

I.aboveMSI 

712810 
Depth 

Feet BTOC 

12@/@5 
Elevation 

:t.eboveM! 

101121a! 0114105 Info1 
Depth Elevetion Mm Elevetion 

Feet BTOC l.eboveMS F~oboveMSL 

lion 
Stondtrd 

Devietion (FtJ 

04.35 04.19 64.08 83.63 84.24 84.21 94.47 84.04 64.03 0.28 
74.96 02.40 75.13 82.31 74.91 92.93 75.07 82.37 82.45 0.14 

103.84 70.45 104.42 6O.O7 103.08 71.21 102.60 71.111 70.73 0.71 
00.86 76.20 91.03 78.22 70.83 77.41 70.07 78.16 77.03 0.94 
02.06 81.79 03.36 81.28 92.64 82.ol 03.19 01.45 81.83 0.32 
88.66 84.61 99.20 64.07 88.18 84.78 68.80 64.38 84.1 0.31 
06.56 75.21 06.06 74.91 85.85 75.92 85.30 76.47 75.58 0.73 
02.81 83.73 93.30 93.15 92.98 93.98 03.14 834 83.54 0.33 
96.46 77.77 8O.86 77.37 97.85 79.38 03.07 92.28 76.85 2.25 
74.60 92.88 74.90 82.68 74.42 93.08 74.64 82.84 92.97 0.16 
64.14 74.64 94.27 73.91 03.12 75.08 02.35 75.83 74.71 0.01 
97.00 76.16 87.41 75.03 95.98 77.20 85.60 77.64 76.72 0.86 
07.35 71.50 97.76 71.08 88.78 72.07 96.48 72.39 71.76 0.56 
85.00 77.00 96.03 76.06 94.69 79.311 64.03 78.88 77.93 0.97 

80.20 76.28 80.12 76.37 76.67 77.62 77.80 79.59 77.22 1.10 

80.02 94.55 80.41 84.16 79.02 84.95 80.11 94.44 94.48 0.21 
06.21 79.26 97.02 77.45 99.03 70.44 09.40 77.90 70.04 0.43 

101.66 75.18 102.39 74.69 101.70 75.26 102.21 74.84 74.90 0.29 
NIA NIA NIA NIA WA NIA N/A NIA NIA NIA 
102.65 72.47 103.13 71.89 101.63 73.40 101.51 73.81 72.89 0.70 
92.34 76.09 02.60 78.73 01.19 78.14 80.72 79.61 77.62 0.80 
09.20 73.97 99.71 73.55 07.42 74.64 07.04 75.22 74.46 0.77 

101.24 72.68 101.96 71.97 100.85 73.08 101.01 72.02 72.67 0.48 
03.58 79.90 84.24 79.14 83.49 79.90 03.64 78.74 76.64 0.34 
ao.7o 83.79 80.34 83.23 OO.66 93.91 99.97 03.90 63.63 0.30 
87.03 92.74 97.45 92.32 O6.OO o2.oa 88.04 92.93 02.70 0.26 
81.60 79.25 NIA NIA 61.17 78.66 00.68 78.97 53.07 0.36 
74.17 02.11 74.27 92.01 74.15 82.13 74.18 02.10 02.08 0.05 

101.36 72.38 101.83 71.01 100.54 73.20 loo.20 73.54 72.76 0.75 
90.82 73.21 loo.30 72.73 99.01 74.02 08.69 74.35 73.59 0.74 
05.08 o3.oo 95.92 83.34 84.95 84.01 85.20 83.76 83.75 0.29 
83.09 80.35 94.35 79.99 83.93 90.30 83.81 80.30 90.23 0.24 
07.07 74.14 87.46 73.73 09.28 74.83 85.91 75.40 74.55 0.75 
96.W 78.31 09.20 76.11 85.08 77.23 84.41 77.80 76.68 0.93 
77.39 02.46 77.44 02.42 77.38 92.46 77.35 92.51 02.47 0.04 

171.47 125 105.97 NIA 106.4) NIA 109.19 NIA 108.05 NIA NIA NIA 
171.0s 118 108.36 #IA 106.84 NIA 108.55 N/A 109.51 NIA NIA NIA 

G$JSERSlWlilTiNG\WTRLVI95.XLS 



NAVAL AIR STATION WRITING FIELD. WATER LEVEL SURVEY DATA - 1895. UPDATED 02 APRIL 1997. 

I WHF-2BB4-7 
NOTES: 

Easting 
St.16 
Pf*ne 

Coorhte I 

, . . . . . 
lonltormg W~IU at US1 sites 1488.1487,305% and 2t 

iixig- 
Sl8lO 
Plmnr 

Coordiiatr 
I 

Wdl 
TOC 

ELEVATION 
[Ft. MSL) 

xii- 
Dapth 
BTOC 
IRet) 

Waler Lvvtl 
l/lo/~! %l, 113185 

Depth Elevation 
Feet BTOC F 1. ,bova MSI 

i 
era not rurveVad by licensed 

Waler Level 
UllB 

Depth 
Fvet BTOC 

120195 
Elevation 

t. rbove MS 

rfassional SUNOyOfS. 

Water Level 
712818f 

Depth 
F,rt BTOC 

128168 
Elavotion 

3. above MS 

TOC - iop of Casing NA - no access II - draper intsrnwdiatc aquifer monitoring wolf 

Fl. - Feet PZ - piazomelw D - deep aquifer monitoring wolf 

MS1 - mom SOD bvel INVGDJ 1827 S - shallow rquiftr monitoring wall DO - dtepw aquifsr monitoring well 

BTOC - below top of clring I - intwmsdiatr aquifer monitoring wttl R - nplwxmtnt monitoring well 

GjUSERS”““‘TING\WTRLVL85.XLS 

1 

wear Level 
lOl1218! 

Depth 
Feet BTOC 

OllU85 
Elavation 

1. abovr MS1 

Cumulative Sltlbticrl 
Infor 

doan Eltvltion 
R. abova MSL 

Ition 
Standard 

Dtvintion IFtJ 



ATIDNWHITINGFIELD~ WATER LEVELSURVEYDATA. lgg6JJPDATED 02APRlLlgg7. 

Monitoring r WOII 
Idanntifier 

WHF-BKG-II 
WHF.BKG-ID 
WHF-BKG-2 
WHF-BKG-21 
WHF-BKG.20 

I WHF-17-1s 
WHF-17-l 
WHF-17.2 

I WHF-16-l 
WHF-16-2s 
WHF-l&3 
SOUTH PERlMt 

SITEB 
FTER 

1 

I 

I' 

IWHF-e-1 
IWliF-92 

‘WliF-l&l I WHF.102 

1203772.58 633090.33 163.57 120 
1203642.64 632783.08 164.75 108 
1204225.03 633101.78 175.64 113 
IROADtlTES 

/ii$iqq 

1205060.00 836507.00 
1205070.00 638516.00 
1208243.13 838722.35 
12og253.w 638507.00 

RROMtlTEt 

1203042.32 635143.15 142.82 123 
1203049.74 835151.60 143.06 75 
1203118.26 635344.gg 145.81 78 
1203351.52 635188.25 155.50 87 
1203203.00 835080.00 87.18 79 

1202494.86 634666.88 150.80 87 
1202865.00 633688.00 05.28 81 
1203282.00 833867.00 87.60 81 

1205336.87 837015.03 1gcee 116 
1205338.12 638883.08 194.71 159 
1205453.82 838831.50 187.35 122 
1205827.08 637196.16 201.21 127 

56.18 
57.81 
50.59 
70.08 

71.50 

105.09 
104.68 
107.07 
108.62 

66.81 
88.37 
87.66 

84.44 04.44 #REFl 
85.27 65.27 lREFl 
88.02 86.02 #fIEFI 
85.42 05.42 lREFl 

78.30 XREFI #REFl 

88.87 
88.83 
88.46 
81.38 

76.76 
75.38 
78.06 

XREFI #REFI 
XREFI #REFl 
IREFI #REFl 
#REFl #REFl 

#REFl lREFl 
#REFI #REFl 
#REFl lREF! 

/REFl 
#REFl 
IREFI 

1REFI 
#REFl 

I I 
#REFI 
IREFI 
#REFl 

tREFl 
/REFl 

I 



NAVALAIRSTATlONWHlTlNGFlELD- WATER LEVELSURVEYDATA.lggSUPDATED 02APRlL1687. 

WHF-Il.40 

t- 
SITE12 

WRF-12.1 

WHF-131s I WHF-IS1 
WRF-13-11 
WHF-13-2s 

t- 
SITE14 

WHF-141 

WHF-151 
WUF-152s 
WRF-lS2f 
WHFe152D 
WHF-153s 
WHF-15-31 
WHF-153D 
WHF-154s ' 
WHF-155s : 
WHF-1551 
WRF-155D ' 
WHF.158S 
WHF-1560 
WRF.157S 
HMF-%A 
WHF-157D 
WliF-156s 

d Hfjisa 

&liF-156D : 
SITElB ' 

WHF-101 
WHF-lB2S 
WHF-102 
WHF+lRILI ' 
WHF-16-3s 
WHF-16-I 

Eorting Notihing 
Strle SW0 

i Plane Plane 
~ Coordiiato Coordinrtl 

xii- 
TOC 

ELEVATIOA 
fFc.MSLf 

wen 
Depth 
BTOC 
(Ftetf 

Water Level Cumukivo St8tistical 
llll-flg 

Depth 
FeelBTOC 

I20106 
Elevation 

t.rboveMS 

Info 
lean Elovrtior 
Ft.aboveMSL 

lion 
Stclndard 

Deviation (FtJ 

'1215235.28 627362.24 
1215504.28 627561.88 
i1214286.00 626575.17 
:1215520.53 627461.72 
'1215065.00 827372.00 
1215055.00 827382.00 

116.6! 
124.81 
146.1: 
117.11 
129.1: 
125.7f 

54 
126 
126 
73 
78 
106 

43.26 73.36 XREFI XREFI 
51x 73.01 XREFI tREFl 
64.03 84.0( XREFI XREFI 
52.88 64.5( tREF1 XREFI 

1214670.02 827457.07 138.11 
1214581.00 827416.00 135.51 

113 
85 

70.81 85.71 #REFl XREFI 

1215513.08 828764.39 
1215506.34 8283G4.61 
1215474.00 626745.W 
1215502.80 828060.68 

106.K 
102.8f 
lOg.li 
102.81 

61 
123 
83 
72 

45.91 63.0! tREF1 XREFI 
41.61 80.71 tREF1 tREFl 

42.91 5B.B! tREF1 tREF1 

1214547.12 825462.71 138.81 
1214432.70 825372.17 145.61 

153 78.81 60.01 tREFl XREFI 
116 66.3C 50.51 tREF1 #REFl 

1208208.41 625516.51 88.3! 
1208067.73 825612.81 56.51 
1208070.65 625601.65 BO.lf 
1206064.49 825625.70 59.31 
1206466.68 826123.35 86.21 
1206468.15 828065.56 Bg.61 
1206490.26 826156.26 68.4 
1207477.30 625555.46 143.21 
1206871.67 824882.42 104.1r 
1206875.W 824864.00 105.li 
1206662.00 824676.W 108.11 
1206286.12 825420.45 74.21 
1206308.63 825412.46 75.01 

22.21 u.01 tREF1 XREFI 
14.4t 45.1f tREF1 XREFI 
15.71 u.31 tREF1 #REFl 
15.OI 14.3' tREF1 tREF1 
21.ot 46.21 tREF1 tREF1 
21.76 473: IREFI tREF1 
21.01 48.1: tREF1 XREFI 
Bl.Bf 51.3' XREFI tREFl 
59.51 44.51 tREF1 tREF1 

29.5f 
30.89 

tREF1 XREFI 
tREFl tREF1 

1206085.00 824644.00 78.87 
1206058.00 824646.W 784 
1206047.W 824646.00 79.08 

73 
33 
83 
112 
38 
BE 
116 
106 
66 
w 
126 
u 
123 
88 
120 
146 
55 
65 
117 

44.7' 
U.3f 

~.- _.. 

1205320.04 626576.67 50.04 43 8.15 40.88 tREF1 tREF1 
1206255.07 828783.38 63.66 60 34.27 4B.3B tREF1 tREF1 
1206257.07 626809.36 62.16 74 32.66 48.33 tREF1 tREF1 
1206265.W 828773.31 60.80 130 31.58 48.04 tREF1 tREF1 
1205407.34 826166.98 51.88 23 11.05 40.64 tREF1 tREF1 
12D5401.5g 628161.38 51.31 53 10.75 40.56 #REFI tREF1 

1’ 

G%JSERSl~'TING\WTRLMBB.XLS 

> 
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1205381.38 8261U.06 
1205379.57 828501.68 
1205361.03 828558.05 
1205362.46 828540.27 
1204655.64 826431.28 
1205808.00 828167.W 
1205905.W 828175.W 
1205042.W 626186.W 
120503g.W 828161.W 
1206038.W 8282Ol.W 

Well 
TOC 

ELEVATION 
(Ft.MSLJ 

51.22 
51.40 
54.78 
53.01 
52.07 
37.54 
56.57 
56.77 
30.27 
36.17 
36.05 
30.73 

-iKii- 
Depth 
BTDC 
(Fvvt) 

-ii- 
116 
22 
85 
123 
14 
22 
82 
15 
46 
75 

Water Level 
11116511201g6 

Depth 1 Elevation 

8.95 44.45 
11.84 42.05 
11.5a 41.43 
11.57 41.30 
3.08 

1.13 

122.36 
105.48 

I I 
SITES 

85 
88 
72 
70 
loo 
36 
37 
87 

120982O.W 626664.W te5.m 176 116.78 6B.M 
1206826.16 629573.36 166.02 116 113.15 72.07 
1209754.55 82gWO.gB 162.02 151 112.30 88.72 
1210154.W 830801.55 177.44 126 102.64 74.80 
1210141.86 830888.23 177.68 174 103.82 74.24 
120g644.W 830816.66 175.55 126 103.13 72.42 
1206825.20 830811.55 175.87 180 103.58 72.41 
1208320.71 830364.77 184.11 145 112.55 71.58 
1209300.08 830355.03 164.32 163 113.06 71.27 
1208827.42 626645.66 168.W 137 116.88 66.34 
120g826.16 82g811.88 165.80 152 115.33 70.57 

1209857.06 826374.42 177.83 134 
120gg66.66 829366.68 171.55 190 
1210053.86 626425.27 175.72 123 

~X.llI tREF1. tREFl 
80.52 tREF1 tREF1 
70.32 tREF1 tREF1 

1208955.15 629670.W 160.58 127 
1266651.80 829864.39 161.46 126 
1208682.6g 826812.25 161.76 128 
12Og6W.86 620774.47 160.38 128 
1208864.83 828993.61 178.36 128 

108.47 
108.03 
105.46 

108.18 
110.19 
110.64 
108.15 
106.78 

71.39 tREF1 tREF1 
71.36 XREFI tREF1 
71.15 tREF1 tREF1 
71.21 tREF1 tREFl 
71.81 tREF1 IREFI 

Ition 
Standard 

Deviation (Ft. 
tREF1 
tREF1 
tREF1 
tREF1 
tREF1 
tREF1 

mn Elrvction 1 

tREF1 
tREF1 
XREFI 
tREF1 
tREF1 

WRF-31.1s 
WHF.Sl-2S 
WHF-31.3s 
WHF-314 
WtiF.3141 
WHF-31.40 
WHF-31-5s 

tREF1 IREFI 
tREF1 tREF1 
tREF1 tREF1 
tREF1 XREFI 
tREF1 XREFI 
tREF1 IREFI 
IREFI tREF1 
tREF1 XREFI 
tREF1 IREFI 
tREF1 tREFI 
tREF1 tREF1 WHF&PZ2 

-t- 
._~ _~,BlTEB 

Ww-6-1s 

I WRF-331 



NAVALAIRSTATlONWlTlNGFlELD-WATERLEVELSURVEVDATA-lgg6-UPDATED02APRlL1gg7. 

Monitoring 

r WEII 
Identifier 

WF.3511 
WHF.3510 
WF.35IS 
WF-36-1s 

WF-2Bl 
WF-282 
WF.283 
WF-281 

I WF-362 
WF.30.3 
WF-304 

WF-SlS 
WF.31 
WF-110 
WF-32s 
WF-32l 
WF-320 
WF-338 
WF.331 
WF-330 
WF-3-4 
WF+tS 
WF-37l 
WF.37D 

BITE4 
WF41 

‘~1 
I I I 1 173 1 

OIUSITES OIUSITES 

1209D41.00 828569.46 

12GSBS7.07 627285.25 

1208646.85 82SllS.88 
1208849.75 628613.85 
1208646.45 82893l.16 
1208803.43 62SO37.14 
1208628.15 828487.33 

1206413.33 82SW8.65 
12OS282.08 828032.85 
1206264.48 628161.S8 

~1200806.14 1628431.51 
MRBITE8 

I I 
1207821.58 832208.35 
1207611.51 8321gS.88 
1207610.04 632178.41 
1207762.88 632184.34 
1207785.00 632185.00 
1207765.16 832183.58 
1267685.36 83206210 
1207863.82 83204D.10 
1207893.53 832OlS.91 
1207451.46 832184.58 
120788S.50 832251.08 
1207660.64 832251.58 
120765201 83225207 

1208538.16 832766.31 

l- 

187.75 143 -+-1 173.14 181 

183.53 138 
191.52 137 
w4.02 140 
185.78 139 
183.47 132 -H 177.27 130 
178.11 135 

1:::: 1 :: 1 
172.97 123 88.80 
174.92 153 88.78 
172.87 180 98.65 
172.78 114 85.03 
175.37 153 88.17 
173.14 176 8B.69 
175.23 111 87.54 
178.18 154 102.33 
175.68 181 100.05 
174.3s 121 88.20 
173.27 124 S6.W 
173.25 140 96.91 
173.28 181 me9 

172.45 153 85.87 

6z6JSERSW~'TINGlWTRLVLBB.XLS 

> 

123.63 64.12 tREF1 tREF1 

10a.54 83.80 tREF1 tREF1 

124.60 88.83 
123.85 87.87 
125.82 88.20 
127.09 BS.BS 
121.44 72.03 

tREF1 
tREFI 
tREF1 
tREF1 
XREFI 

tREF1 
tREF1 
XREFI 
tREF1 
XREFI 

113.88 63.28 tREF1 #REFI 
115.88 83.15 tREF1 XREFI 
117.80 63.88 tREF1 tREFf 
116.50 65.38 XREFI XREFI 

tREF1 
tREFl 
tREF1 
tREF1 
tREF1 
XREFI 
tREFl 
tREFt 
tREFl 
tREFl 
tREF1 
tREF1 
tREFl 

tREF1 
tREF1 
tREF1 
tREF1 
tREF1 
tREF1 
tREF1 
tREF1 
#REFl 
tREF1 
tREF1 
tREF1 
tREFI 

tREFl IREFI 



1 I 

NAVALnt TIONWITINGFIELD-WATERLEVELSURVEY DATA~~~XISUPDATED~~APR~L~EIO~. 

Monitoring r Wall 
Identifier 

IrlrEjt 
WF-32.1 
WF-32-2 
WF-32-3 
WF-32.4 

WF-14681 120SS18.54 827384.8 
WF-1466.10 1208836.38 629050.5 
WF-1466-Z 1208933.88 828823.41 
WF-14662D 1209404.21 6288W.38 
WF-1466-3 1208314.69 828573.52 
WF~148B3D 12OS906.28 ~2S363.S~ 
WF-14664 1207822.74 82S2SS.40 
WF-1mSR 1208056.78 827628.38 
WF-146&B 1207828.83 827108.12 
WF-146681 1207808.00 827114.00 
WF*l46&6D 1207799.00 827121.00 
WF-1466-BOO 1207788.00 627132.00 
WF-146&7 1208216.03 828725.15 
WF-14813% 1208990.82 626663.47 
WF-1466-81 1208872.W 628870.W 
WF-1466-W) 1208962.W 628875.W 
wF*146$600 1208852.W 828882.W 
WF-146&S 1210482.27 627644.67 
WF-146681 1210469.00 827651.00 
WF-146&w) 12lD463.W 627864.00 
WF.l48&WO 12104S6.W 827875.00 
WF-1466.10 1208857.23 627182.33 
WF.1466.11 1210525.84 8284S5.13 
WF-148812 1209584.71 62Q128.76 
WF-14S6.13 1209414.18 82SW8.78 
WF-148814 1208S44.85 S28062.W 
WF-1466.15 1209166.19 627611.48 
WF-1466-w 1208662.18 827740.42 
WF-1466-17 1208283.50 827818.17 
WF-14881% ,1208171.17 828402.19 
WF-1466.18 
WF-1466-20 

ll20SW7.B) 82S641.71 
~1208702.50 628378.3+ 

WFs148821S 1206717,W 6232S6.m 
WF-1466-211 120S710.W 8232S0.W 
WF-1488210 1206702.00 823273.00 
WF-146622s 1200940.00 623803.W 
WF-146&22l 1208952.W 623598.00, 

177.71 135 
191.2' 163 
100.7: 120 
190.0: 144 
187.4: 145 
179.7! 140 
180.3i 151 
175.H 132 
173.01 131 
173.Ol 160 
173.0! 190 
172.81 21% 
172.2f 131 
172.24 131 
172.5f 171 
172.28 100 
17284 220 
173.2(1 118 
173.4 160 
173.11 190 
173.44 220 
172.08 122 
175.87 104 
18@.92 147 
177.31 130 
lSl.Kl 135 
177.81 135 
178.48 135 
177.81 134 
165.58 135 
188.81 145 
167.78 146 
82.39 40 
81.75 60 
81.44 86 

139.38 10% 
139.23 140 

I Waterlevel 
1118186-1120188 

Depth Elevation 
Feet BTOC Ft.obovrMSl 

117.21 80X 
125.84 85.3( 
103.11 77.55 
123.78 66.24 
134.50 82.81 
113.64 66.11 
128.85 81.71 
115.37 59.81 
115.5e 57.51 

115.23 57.03 
112.85 59.36 

98.87 73.53 

109.08 82.98 
88.47 78.10 

122.68 67.24 
N/A N/A 
111.46 68.57 
115.88 81.85 
113.88 62.81 
112.0s 65.83 
121.57 S4.01 
125.12 83.88 
124.83 82.83 

I Cumulative Strtisiicrl 

tREF1 tREF1 
tREF1 tREF1 
XREFI tREF1 
tREF1 XREFI 

1 tREFl 1 XREFI 

XREFI 
tREF1 
tREF1 
tREF1 
tREF1 
tREF1 
tREF1 
XREFI 
IREFI 

tREF1 
XREFI 

tREF1 

XREFI 
tREF1 
tREF1 
tREF1 
tREFl 
tREF! 
tREF1 
tREF1 
tREF1 
tREF1 
tREF1 

tREF1 
tREFl 
XREFI 
IREFI 
IREFI 
tREF1 
IREFI 
tREFl 
tREF1 

tREF1 
tREF1 

XREFI 

IREFI 
#REFI 
XREFI 
tREF1 
#REFl 
tREF1 
tREF1 
tREF1 
IREFI 
tREFl 
tREF1 



NAVALAIRSTATlONWHlTlNGFlELD-WATERLEVELSURVEVDATA-lggSUPDATED02APRlLlgg7. 

Monitoring 
Wdl 

ldontifior 

WF-1467.1 
WHF-1467-2 
WHF-1467-20 
WHF-1467.3 
WHF-14674 
WHF-1467-5 
WHF-1467.50 
WHF-1467.6 
WHF-1467.6D 
WHF-1467-7 
&liF-1467.70 
WtiF-1467-6 
WHF-146F6D 
WHF-1467-B 
WHF-1467-10 
WHF-1467-11 
WHF-1487.12 
WHF-1467-M 
WtlF.1467-14 
WHF-1467-16 
WHF-1467-17 
WHF-1467-16 
WTiF-1467.1B 
WHF-1467.20 
WliF-1467-21 
WHF-1467-22R 
WHF-1467.23 
MiF-1467.24 
WHF-1467-25 
WM.1467.26 
WHF.1487-27 
WHF-1467.26 
WHF.1467-29 
WHF-1467-30 
WHF-1467.31 
WHF.1467-32 
WHF-1467-33 

6ITE3654 
WHF-30541 
WHF-3054-2 

G~USERS\WMlNGlWTI 

'? 

Eosting I I Northing 
State St810 
Plow Plane 

1206660.11 632144.46 
1200133.66 632666.65 
1207367.62 631670.72 
1208267.66 633301.80 
1206093.28 631762.56 
1206624.66 631602.76 
1206048.36 633347.10 
1206658.61 631562.16 
1206432.67 633067.31 
1208052.48 632655.16 
1208074.01 633275.88 
1206677.55 633648.66 
1206688.70 632156.47 
12063O7.26 633060.16 

166.51 67 
157.4) 65 
174.28 124 
157.25 95 
174.64 103 
173.27 100 
171.77 140 
176.54 103 
166.23 102 
157.46 65 
156.16 128 
173.24 107 
166.65 127 
162.88 100 
68.10 62 

156.40 60 
106.55 63 
164.57 00 
174.47 110 
177.05 115 
115.00 106 
175.12 115 
168.33 105 
172.26 110 
173.93 111 
172.36 103 
172.57 101 
168.77 100 
160.65 61 
166.26 90 
173.74 116 
173.03 106 
166.66 100 
174.23 103 
171.21 125 
162.31 100 
168.66 64 

63.41 65.07 XREFI XREFI 
73.49 63.05 #REFl #REFl 
96.94 75.35 XREFI lREFl 
75.46 61.76 #REFl #REFl 
81.33 63.31 #REFI I'REFI 
67.56 65.71 #REFI #REFl 
B1.60 78.97 #REFl #REFl 
01.57 64.87 XREFI #REFf 
84.55 81.66 #REf! lREFl 
73.1 64.06 #REFl XREFl 
76.66 76.52 XREFI lREFf 
81.67 61.37 #REFl XREF! 
82.24 76.61 lREFl #REFl 
60.41 62.56 #REFl XREFl 

1208424.63 633512.23 74.16 62.33 !REFl #REFI 

1208301.76 632312.00 
1207731.66 631553.68 
1207111.10 631338.66 
1206345.63 631644.43 
1206407.62 632661.19 
1207581.45 633664.12 
1207671.24 632057.17 
1207364.68 631g42.66 
1207861.86 632185.77 
1206366.56 632084.62 
1206544.22 632765.31 
i2oeeme 633034.12 
1206423.02 633066.08 
1207310.26 632473.23 
1207602.56 632767.60 
1206520.1 632477.02 
1206220.74 632549.78 
1207346.22 633177.47 
120662458 633276.57 
1208203.66 633103.51 

79.30 65.27 #REFl XREFI 
65.60 76.67 lREFl #REFl 

100.43 76.62 #REFl #REFI 
NIA NIA NM NIA 

07.52 77.60 #REFl #REFl 
67.03 62.30 XREFI XREFI 
83.94 76.32 IREF! /REFf 
07.68 76.24 #REFl #REFI 
01.72 60.66 #REFl #REFf 
67.74 64.63 #REFl lREFl 
65.76 64.01 IREFI lREFf 
76.64 62.01 #REFl #REFl 
74.16 82.12 lREFl #REFl 
Be.66 77.08 #REFl XREFI 
85.10 77.83 gREFl IREFI 
64.19 64.77 gREFl lREFl 
B2.66 61.55 #REFl IREFI 
92.22 76.88 IREFI #REFl 
81.40 B&B1 #REFl XREFI 
77.44 82.42 #REFl lREFl 

1206821.73 627170.65 171.47 125 104.69 NIA N/A NIA 
1208907.63 627272.31 171.08 116 105.09 NIA NIA NIA 

.BB.xLS 

Well Wtll 
TOC Depth 

iLEVATlON 6TOC 
(Fl.MSU (Feetl 

138.11 167 

Writer Level 
llllel 

Depth 
Feet BTOC 

B /2o/lle 
Elevotion 

t.obovoMSI 

Cumulative Stolisticol 
ltlfl 

loon Elevotio 
Ft.obovoMSI 

lion 
Stondord 

Doviotion (Ft./ 
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bF-2684.7 
NOTES: 

d- 
M ae. loniloring weI iiimi 
TOC - Top of Cering 
Fl. - Feet 
MSL - moon too Itvel (NVGDI 16277 
BTOC - below lop of cesing 

Eesting 
St8t8 
Plono 

Coordinate 

Northins 
StOtO 
ho 

Coordblctr 

Tz- 
TOC 

ELEVATIOh 
(Ft. MSU 

iiz- 
Dqth 
BTOC 
Ihetl 

ore not surveyed by licensee 
NA - no occeos 
PZ - piezomeler 

L 

: 
I prof1 

cumuletive Stotiolicol 
Infonnotion 

Meen Elovetion 1 Stondord 

J 
sssronal ourveyors. 

II - deeper inter 
D - deep equifer 

S - sholfow oquifer monitoring well LID - deeper aquif 
I - intetmtdiote equifer monitoring weg R - replecemen 

G.?USERSlWliITINGIWTRLVI66.XLS 



APPENDIX E 

BACKGROUND ANALYTICAL DATA 



Table E-l 
Surface Water Analytical Results 

- 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

STOBSW 

STA3SWOl 

Sample No.: 

Locator: 

STlOSW - 

STAlOSWOl 

Date Sampled: DEC5-90 

Cont. 1 Qual. 

DEC-7-90 

Cont. Qual. - 
- 

Volatile Organic CornRounds (rug/f 1 

Chloromethane 

Bromomethane 

Vinyl chloride 

Chloroethane 

Methylene chloride 

Acetone 

Carbon disulfide 

l,l-Dichloroethene 

1,l -Dichloroethane 

1,2-Dichloroethene (total) 

Chloroform 

1 ,ZDichloroethane 

2-Butanone 

l,l,l-Trichloroethane 

Carbon tetrachloride 

Vinyl acetate 

Bromodichloromethane 

1,2-Dichloropropane 

cis-1,3-Dichloropropene 

Trichloroethene 

Dibromochloromethane 

1,l ,BTrichloroethane 

Benzene 

trans-1,3-Dichloropropene 

Bromoform 

4-Methyl-Ppentanone 

P-Hexanone 

Tetrachloroethene 

Toluene 

1,1,2,2-Tetrachloroethane 

Chlorobenzene 

Ethylbenzene 

Styrene 

Xylenes (total) 

See notes at end of table. 

10 

10 

10 

10 

5.0 

10 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

10 

5.0 

5.0 

10 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

10 

10 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

U 10 U 

U 10 U 

U 10 U 

U 10 U 

U 5.0 U 

U 10 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 10 U 

U 5.0 U 

U 5.0 U 

U 10 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 6.0 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 10 U 

U 10 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

U 5.0 U 

WHT-RIFS.GIR 
PhJW.Ol.98 E-l 



Table E-l (Continued) 
Surface Water Analytical Results 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample No.: STOBSW STlOSW 

Locator: STA3SWOl STAl OSWOl 

Date Sampled: DEC-5-90 DEG7-90 

Cont. 1 Qual. Cont. [ Qual. 

Semivolatile Organic Compounds (pglf) 

Phenol 10 U 10 U 

bis(2Chloroethyl)ether 10 U 10 U 

2-Chlorophenol 10 U 10 U 

1,3-Dichlorobenzene IO U 10 U 

1,4-Dichlorobenzene 10 U 10 U 

Benzyl alcohol 10 U 10 U 

1,2-Dichlorobenzene 10 U IO U 

2-Methylphenol 10 U IO U 

bis(2Chloroisopropyl)ether 10 U 10 U 

4-Methylphenol 10 U 10 U 

N-Nitroso-di-n-propylamine 10 U 10 U 

Hexachloroethane 10 U IO U 

Nitrobenzene 10 U 10 U 

lsophorone 10 U 10 U 

2-Nitrophenol 10 U 10 U 

2,CDimethylphenol 10 U 10 U 

Benzoic acid 50 U 50 U 

bis(2-Chloroethoxy)methane IO U 10 U 

2,CDimethylphenol 10 U 10 U 

1,2,4-Trichlorobenzene 10 U 10 U 

Naphthalene IO U IO U 

4Chloroaniline 10 U IO U 

Hexachlorobutadiene IO U 10 U 

4-Chloro-3-methylphenol (para-chloro-metacresol) 10 U 10 U 

2-Methylnaphthalene IO U 10 U 

Hexachlorocyclopentadiene 10 U 10 U 

2,4,6-Trichlorophenol IO U 10 U 

2,4,5-Trichlorophenol 50 U 50 U 

SChloronaphthalene 10 U 10 U 

2-Nitroaniline 50 U 50 U 

Dimethylphthalate 10 U 10 U 

Acenaphthylene 10 U 10 U 

2,6-Dinitrotoluene 10 U 10 U 

3-Nitroaniline 50 U 50 U 

Acenaphthene IO U 10 U 

2,4-Dinitrophenol 50 U 50 U 

4-Nitrophenol 50 U 50 U 

Dibenzofuran IO U 10 U 

2,4-Dinitrotoluene 10 U 10 U 

See notes at end of table. 

WHT-RIFS.GIR 
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Table E-l (Continued) 
Surface Water Analytical Results 

- 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample No.: STOBSW ST1 OSW 

Locator: STA3SWOl STAl OSWOl 

Date Sampled: DEC-5-90 DEC-7-90 

Cont. 1 Qual. Cont. 1 @al.- 

Diethylphthalate 10 U 10 U- 
4Chlorophenyl-phenyl ether 10 U 10 U 
Fluorene 10 U 10 U 
4-Nitroaniline 50 U 50 U 
4,6-Dinitro-Bmethylphenol 50 U 50 U 
N-nitrosodiphenylamine 10 U 10 U 
4-Bromophenyl-phenylether 10 U 10 U 
Hexachlorobenzene 10 U 10 U 
Pentachlorophenol 50 U 50 U 
Phenanthrene 10 U 10 U 
Anthracene 10 U 10 U 

Di-n-butylphthalate IO U IO U 
Fluoranthene 10 U 10 U 
Pyrene 10 U 10 U 
Butylbenzylphthalate 10 U 10 U 
3,3’-Dichlorobenzidine 20 U 20 U 
Benzo(a)anthracene 10 U 10 U 
Chrysene 10 U 10 U 
bis(2-Ethylhexyl)phthalate 10 U 10 U 

Di-n-octylphthalate IO U 10 U 
Benzo(b)fluoranthene 10 U 10 U 
Benzo(k)fluoranthene 10 U 10 U 
Benzo(a)pyrene 10 U 10 U 

Indeno(l,2,3-cd)pyrene IO U 10 U 
Dibenz(a,h)anthracene 10 U 10 U 
Benzo(g,h,i)perylene 10 u 10 U 

Pesticides/PC& @g/l 1 

alpha-BHC 0.050 U 0.050 U 
beta-BHC 0.050 IJ 0.050 U 
delta-BHC 0.050 U 0.050 U 
gamma-BHC (Lindane) 0.050 U 0.050 U 
Heptachlor 0.050 U 0.050 U 
Aldrin 0.050 U 0.050 U 
Heptachlor epoxide 0.050 U 0.050 U 
Endosulfan I 0.050 U 0.050 U 

See notes at end of table. 
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Table E-l (Continued) 
Surface Water Analytical Results 

Sample No.: 

Locator: 

Date Sampled: 

Dieldrin 

4,4-DDE 
Endrin 

Endosulfan II 

4,4-DDD 

Endosulfan sulfate 

4,4’-DDT 

Methoxychlor 

Endrin ketone 

alpha-Chlordane 

gamma-Chlordane 

Toxaphene 1.0 U 1.0 U 

Aroclor-1016 0.50 U 0.50 U 

Aroclor-1221 0.50 U 0.50 U 

Aroclor-1232 0.50 U 0.50 U 

Aroclor-1242 0.50 U 0.50 U 

Aroclor-1248 0.50 U 0.50 U 

Aroclor-1254 1.0 U 1 .o U 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

STOBSW ST1 OSW 

STA3SWOl STAl OSWOl 

DEC-5-90 DEC-7-90 

Cont. 1 Qual. Cont. 1 Qual. 

0.10 U 0.10 U 

0.10 U 0.10 U 

0.10 U 0.10 U 

0.10 U 0.10 U 

0.10 U 0.10 U 

0.10 U 0.10 u 

0.10 U 0.10 U 

0.50 U 0.50 U 

0.10 U 0.10 U 

0.50 U 0.50 U 

0.50 U 0.50 U 

Aroclor-1260 1.0 U 1.0 U 

See notes at end of table. 
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Table E-l (Continued) 
Surface Water Analytical Results 

Remedial Investigation and Feasibility Study 
General information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample No.: STO3S.W STlOSW 

Locator: STA3SWOl STAl OSWOl 

Date Sampled: DEC-5-90 DEC-7-90 

Cont. Qual. Cont. Qual. 

Inorganic Analytes tpg/L) 

Aluminum 200 U 200 U 

Antimony 50 U 50 U 

Arsenic 10 U 10 U 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Cyanide 

16.8 

5 

5 

777 

10 

10 

25 

614 

3 

707 

17.3 

0.20 

40 

1,000 

5 

10 

2,110 

10 

10 

20 

10 

U 

J 

U 

U 

U 

U 

U 

J 

U 

U 

U 

U 

32 

5 

5 

1,180 

10 

10 

25 

214 

3 

1,060 

15.1 

0.20 

40 

1,000 

5 

10 

1,950 

10 

10 

20 

10 

U 

J 

U 

U 

U 

U 

U 

J 

U 

U 

U 

U 

’ Quantitation limits listed for soil are based on wet weight. The quantitation limits calculated by 
the laboratory for soil, calculated on dry weight basis as required by the contract, will be higher. 

Notes: CAS = Chemical Abstract Service. 
BHC = benzenehexachloride. 
DDE = dichlorodiphenyldichloroethene. 
DDD = dichlorodiphenyldichloroethane. 
DDT = dichlorodiphenyltrichloroethane. 
flgvs/m = micrograms per liter. 
Con. = contract required detection limit concentration. 
Qual. = data validation qualifier. 
U = compound not detected above instrument detection limits. 
NA = not applicable. 
Con. = contract required detection limit concentration. 
Qual. = data validation qualifier. 
U = compound not detected above instrument detection limits. 
J = estimated value. 

WI-IT-FiIFS.GIR 
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Table E-2 
Sediment Analytical Results 

Remedial Investigation and Feasibility Study 
! 

General Information Report 
Naval Air Station Whiting Field 

Milton, Florida 

Sample No.: STOBSD STlOSD 

Locator: STA3SD(O-O.5)01 STA19SD(O-O.5)01 

Date Sampled: DEW-90 DEC8-90 

Cont. Qual. Cont. Qual. 

Volatile Organic Compounds &g/r) 

Chloromethane 12 U 13 U 

Bromomethane 12 U 13 U 

Vinyl chloride 12 U 13 U 

Chloroethane 12 U 13 U 

Methylene chloride 8.0 U 6.0 U 

Acetone 140 13 U 

Carbon disulfide 6.0 U 6.0 U 

1 ,l -Dichloroethene 6.0 U 6.0 U 

1 ,l-Dichloroethane 6.0 U 6.0 U 

1 ,BDichloroethene (total) 6.0 U 6.0 U 

Chloroform 6.0 U 6.0 U 

1,2-Dichloroethane 6.0 U 6.0 U 

P-Butanone 12 U 13 U 

1,l ,l -Trichloroethane 6.0 U 6.0 U 

Carbon tetrachloride 6.0 U 6.0 ‘, U 

Vinyl acetate 12 U 13 i 

Bromodichloromethane 6.0 U 6.0 1 

U 

U 

1 ,P-Dichloropropane 6.0 U 6.0 U 

cis-1,3-Dichloropropene 6.0 U 6.0 U 

Trichloroethene 6.0 U 1.9 U 

Dibromochloromethane 6.0 U 6.0 U 

1 ,l ,2-Trichloroethane 6.0 U 6.0 U 

Benzene 6.0 U 2.3 U 

trans-1,3-Dichloropropene 6.0 U 6.0 U 

Bromoform 6.0 U 6.0 ‘, U 

4-Methyl-2-pentanone 12 U 13 U 

2-Hexanone 12 U 13 U 

Tetrachloroethene 6.0 U 6.0 U 

Toluene 6.0 U 6.0 U 

1 ,1,2,2-Tetrachloroethane 6.0 U 24 U 

Chlorobenzene 6.0 U 6.0 U 

Ethylbenzene 6.0 U 6.0 U 

Styrene 6.0 U 6.0 U 

Xylenes (total) 6.0 U 6.0 U 

See notes at end of table. 

WHT-RIFS.GIR 
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Table E-2 (Continued) 
Sediment Analytical Results I’ 

Remedial Investigation and Feasibility Study I 
General Information Report 

, 

Naval Air Station Whiting Field 
Milton, Florida 

Sample No.: STOBSD STlOSD 

Locator: STA3SD(l .O-1.5)01 STAlOSD(O-0.5)Ol 

Date Sampled: DEC-5-90 DEC-7-90 

Cont. 1 Qual. Cont. Qual. 

Semivolatile Organic Compounds @g/f) 

Phenol 390 U 410 U 

bis(2-Chloroethyl)ether 390 U 410 U 

P-Chlorophenol 390 U 410 U 

1,3-Dichlorobenzene 390 U 410 U 

1,4-Dichlorobenzene 390 U 410 U 

Benzyl alcohol 390 U 410 U 

1,2-Dichlorobenzene 390 U 410 U 

2-Methylphenol 390 U 410 U 

bis(2ChloroisopropyI)ether 390 U 410 U 

4-Methylphenol 390 U 410 U 

N-Nitroso-di-n-propylamine 390 U 410 U 

Hexachloroethane 390 U 410 U 

Nitrobenzene 390 U 410 U 

lsophorone 390 U 410 U 

2-Nitrophenol 390 U 410 U 

2,4-Dimethylphenol 390 U 410 U 

Benzoic acid 1,900 U 2,000 U 

bis(2-Chloroethoxy)methane 390 U 410 I U 

2,4-Dimethylphenol 390 U 410 1 U 

1,2,4-Trichlorobenzene 390 U 410 U 

Naphthalene 390 U 410 U 

4Chloroaniline 390 U 410 U 

Hexachlorobutadiene 390 U 410 U 

4-Chloro-3-methylphenol (para-chloro-meta-cresol) 390 U 410 U 

2-Methylnaphthalene 390 U 410 U 

Hexachlorocyclopentadiene 390 U 410 U 

2,4,6-Trichlorophenol 390 U 410 U 

2,4,5-Trichlorophenol 1,900 U 2,000 : U 

2Chloronaphthalene 390 U 410 U 

2-Nitroaniline 1,900 U 2,000 U 

Dimethylphthalate 390 U 410 U 

Acenaphthylene 390 U 410 U 

2,6-Dinitrotoluene 390 U 410 U 

3-Nitroaniline 1,900 U 2,000 U 

Acenaphthene 390 U 410 U 

2,CDinitrophenol 1,900 U 2,000 U 

4-Nitrophenol 1,900 U 2,000 U 

Dibenzofuran 390 U 410 U 

2,CDinitrotoluene 390 U 410 U 

See notes at end of table. 

WHT-RIFS.GIR 
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Table E-2 (Continued) 
Sediment Analytical Results 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample No.: ST03SD STlOSD 

Locator: STA3SD(l.O-1.5)01 STAlOSD(O-0.5)01 

Date Sampled: DEC-5-90 DEC-7-90 

Cont. 1 Qual. Cont. 1 Qual. 

Semivolatile Organic Compounds @g/f 1 (Continued) 

Diethylphthalate 390 U 410 U 

4-Chlorophenyl-phenyl ether 390 U 410 U 

Fluorene 390 U 410 U 

4-Nitroaniline 1,900 U 2,000 U 

4,6-Dinitro-2-methylphenol 1,900 U 2,000 U 

N-nitrosodiphenylamine 390 U 410 U 

4-Bromophenyl-phenylether 390 U 410 U 

Hexachlorobenzene 390 U 410 U 

Pentachlorophenol 1,900 U 2,000 U 

Phenanthrene 390 U 410 U 

Anthracene 390 U 410 U 

Di-n-butylphthalate 390 U 410 U 

Fluoranthene 390 U 410 U 

Pyrene 390 U 410 U 

Butylbenzylphthalate 390 U 410 U 

3,3’-Dichlorobenzidine 790 U 810 U 

Benzo(a)anthracene 390 U 410 U 

Chrysene 390 U 410 U 

bis(2-Ethylhexyhphthalate 390 U 410 U 

DCn-octylphthalate 390 U 410 U 

Benzo(b)fluoranthene 390 U 410 U 

Benzo(k)fluoranthene 390 U 4’10 U 

Benzo(a)pyrene 390 U 410 U 

Indeno(l,2,3-cd)pyrene 390 U 410 U 

Dibenz(a,h)anthracene 390 U 410 U 

Benzo(g,h,i)perylene 390 U 410 U 

PesticideslPCBs (pg/f I 

alpha-BHC 9.5 U 9.9 U 

beta-BHC 9.5 U 9.9 U 

delta-BHC 9.5 U 9.9 U 

gamma-BHC (Lindane) 9.5 U 9.9 U 

Heptachlor 9.5 U 9.9 U 

Aldrin 9.5 U 9.9 U 

Heptachlor epoxide 9.5 U 9.9 U 

Endosulfan I 9.5 U 9.9 U 

See notes at end of table. 

WHT-RIFS.GIR 
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Table E-2 (Continued) 
Sediment Analytical Results 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton Florida 

Sample No.: 

Locator: 

Date Sampled: 

Dieldrin 

4,4-DDE 

Endrin 

Endosulfan II 

4,4-DDD 

Endosulfan sulfate 

4,4’-DDT 

Methoxychlor 

Endrin ketone 

alpha-Chlordane 

gamma-Chlordane 

Toxaphene 

Aroclor-1016 

Aroclor-1221 

Aroclor-1232 

Aroclor-1242 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

See notes at end of table. 

STOBSD STlOSD 

STA3SD(l.O-1.5)01 STAlOSD(O-0.5)Ol 

DEC-5-90 DEC-7-90 

Cont. 1 Qual. Cont. [ Qual. 

19 U 20 1J 

190 U 200 LJ 

19 

19 

19 

19 

19 

19 

95 

19 

19 

19 

190 

95 

95 

95 

95 

95 

190 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

20 

20 

20 

20 

20 

20 

99 

20 

99 

99 

200 

99 

99 

99 

99 

99 

200 

1J 

II 

1J 

IJ 

IJ 

1J 

1J 

IJ 

IJ 

1J 

1J 

LJ 

LJ 

IJ 

LJ 

1J 

LJ 
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Table E-2 (Continued) 
Sediment Analytical Results 

Remedial Investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Sample No.: STOBSD STlOSD 

Locator: STA3SD(O.5-1 .O)Ol STAlOSD(O-0.5)01 

Date Sampled: DEC8-90 DEC-8-90 

Cont. 1 Qual. Cont. 1 Qual. 

Inorganic Analvtes (mg/L) 

Aluminum 455 211 

Antimony 9.4 U 10.6 U 

Arsenic 1.9 U 2.1 U 

Barium 1.7 U 2.2 U 

Beryllium 0.94 U 1.1 U 

Cadmium 0.94 U 1.1 U 

Calcium 94 ’ U 107 U 

Chromium 2.7 2.1 U 

Cobalt 1.9 U 2.1 U 

Copper 4.7 U 5.4 U 

Iron 1,100 612 

Lead 3.0 0.65 U 

Magnesium 94 U 107 U 

Manganese 1.9 U 5.7 

Mercury 0.01 U 0.01 U 

Nickel 7.5 U 8.6 U 

Potassium 188 U 215 U 

Selenium 0.87 U 1.1 U 

Silver 1.9 U 2.1 U 

Sodium 94.0 U 107 U 

Thallium 1.7 J 2.2 U 

Vanadium 2.7 UJ 2.1 U 

Zinc 3.7 U 4.3 U 

Cyanide 0.29 UJ 0.31 U 

‘Quantitation limits listed for soil are based on wet weight. The quantitation limits calculated by 
the laboratory for soil, calculated on dry weight basis as required by the contract, will be higher, 

Source: U.S. Environmental Protection Agency, 1993. 

Notes: mug/P = micrograms per liter. 
CAS = Chemical Abstract Service. 
BHC = benzenehexachloride. 
DDE = dichlorodiphenyldichloroethene. 
DDD = dichlorodiphenyldichloroethane. 
DDT = dichlorodiphenyltrichloroethane. 
Con. = contract required detection limit concentration. 
Qual. = data validation qualifier. 
U = compound not detected above instrument detection limits. 
NA = not applicable. 
Con. = contract required detection limit concentration. 
Qual. = data validation qualifier. 
U = compound not detected above instrument detection limits. 
J = estimated concentration. 

WHT-RIFS.GIR 
PMW.Ol.98 E-10 



APPENDIX F 

TOXICITY ANALYSIS OF SOIL SAMPLES FROM 
NAS WHITING FIELD, MILTON, FLORIDA 



. . 

AL REPORT. 

TOXICITY ANALYSIS OF SOIL SAMPLES FROM 
NAS WHITING FED, MILTON, FLORIDA 

~MI’ITED TO: 

ABB Environmental Services, Inc. 
2590 Executive Center Circle East 

TaLlahassee, Florida 323 10 
Phone: (904) 656-1293 
Fax: (904) 877-0742 

PREPARED BY: 

Environmental Science & Engineering, Inc. (ESE) 
14220 West Newbeny Road 
Gainesville, Florida 32602 

Phone: (352) 332-33 18 
Fax: (352) 333-6622 

ESE PROJECT NUMBER: 

31964ooG-0100-3100 

August 1996 



ABB ENVIRONMENTAL SERVIC!ES. INC. 

fl NAS WHlTING FIUD. MIL.TON FL 
ESE #319640OG-O1~31M) 

EXECUTIVE SUMMARY 

Whole soil toxicity tests were conducted with the earthworm, Eisenia foetida, and lettuce seed, 

Luctuca sativa on soil samples collected from NAS Whiting Field, Milton, Florida. The effect 

criteria for the tests were survival and growth for B. foe&a and percent germination :for L. 

sativa . A total of 22 soils, including a laboratory control and 2 reference soils, were used in 

the toxicity tests. After 14 days of exposure, survival of Eisenia foetida in the laboratory 

control was not significantly different (PsO.05) from survival in the 2 reference soils 

(BKNOOlOl and BKNOO301). After 30 days of exposure, survivorship of Eisenia foerida in the 

laboratory control was not significantly different (PLO.05) from the reference soil (BKNOO301). 

Survival of Eisenia foetida in the reference soil, BKN00301, was significantly different 

(PiO.05) from soils from sample station llNO0201, and the other reference, BKNOOlOl. 

There were no significant differences (PsO.05) in growth of E. foetida between the reference, 

BKN00301, and the laboratory control. Growth of E. foetida in the reference, BKNOO301, was 

significantly different from growth in soil from sample station lON00301. The bioaccumulation 

potential of the soils in the earthworm tests was determined by freezing the organisms and 

transporting them to an analytical laboratory for chemical analyses. Germination potential of 

lettuce seed, Lactuca sativa, in the laboratory control soil was not significantly di.fferent 

(PsO.05) from the reference soil, BKN00301. Germination potential of lettuce seed, Lactuca 

sativa, in the reference sample, BKN00301, was significantly different (PrO.05) from soils 

from sample stations lON00201, lON00501, 12NOO201, 12N00501, 16N01201, 31N01201, 

31N01301 and BKNOOlOl. 
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1.0 INTRODUCTION 

Whole soil bioassays were conducted at Environmental Science & Engineering, Inc., (ESE), on 

samples collected from NAS Whiting Field, Milton, Florida, to determine the potential toxicity 

of the test samples. Test organisms used for toxicity tests were the earthworm, Eisenia foetida, 

and lettuce seed, Luctuca sativa (Buttercrunch variety). The criteria for effect for the E. fbetida 

tests were mortality and growth, and the effect criterion for L. sativa was percent germination. 

The tests were conducted in accordance with the U.S. Environmental Protection Agency methods 

and protocols entitled Protocols for Short Term Toxicity Screening of Hazardous Waste Sites 

(EPA/600/3-881029, July 1988). All raw data related to this study are maintained at 

Environmental Science & Engineering, Inc., 14220 West Newberry Road, Gainesville, Florida. 

2.0 SAMPLE RECEIPT 

Test samples, including 3 reference soils from an uncontaminated site, were collected by ABB 

Environmental Service, Inc. (ABB-ES) personnel between January 5 and 9, 1996, and were 

debvered on ice to the ESE Gainesville Toxicology Laboratory between January 6 and 10, 1996. 

The grab soil samples were received in quantities of approximately 2 kilograms each. &unples 

used for the bioassays were identified as lONOO201, lONOO301, lONOO501, 1 lNO0201, 

llN00301, llN00401, llNOO501, 12NOO201, 12NOO401, 12N00501, 16N00201, 16NOO301, 

16N00301D, 16NOO601,16N00801,16N01201,16~01301,31N01201,31N01301, BKNOO301, 

BKN00301D and BKNOOlOl. The reference soils BKN00301 and BKN00301D are duplicates 

of the same sample and were analyzed to determine the variability in the sampling and/or testing 

conditions. The results for this reference were, therefore, considered as one sample for the 

statistical analyses. Chain-of-custody and other traffic information pertaining to the samples are 

presented in Appendix A. Laboratory control soil for the earthworm bioassays was artificial soil 

comprising 10% sphagnum peat (Alachua County Feed and Seed Store, Gainesville, FL,), 20% 

kaolin&e clay, and 70% grade 70 silica sand (both from Feldspar Corporation, Edgar, FL), and 

5 
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that for the lettuce seed test was 20-mesh silica sand obtained from Feldspar Corporation, Edgar, 

FL. All samples were stored in a refrigerator at 4 f 2 “C prior to, and during the testing 

period. The tests were initiated from January 6 through 11, 1996 and terminated by February 

10, 1996. 

3.0 BIOASSAY PROCEDURES 

3.1 TEST ORGANISMS 

The earthworm, E. foetida, and the lettuce seed, L. sativa, were used as test species for the soil 

bioassays. E. foetida were obtained from Environmental Earthworm Projects, ‘Inc. (Orlando, 

Florida) and L. sativa were obtained from Alachua County Feed and Seed Store (Gainesville, 

FL). E. foetida, obtained from the same culture batch, were > 6q day old adults, each 

_ weighing between 300 - 500 mg, and fully clitellate at test initiation. The supplier’s breeding 

and holding conditions were similar to those of the testing conditions therefore earthworms were 

held <24 hours prior to test initiation. L. sativa seeds were of the Buttercrunch variety. The -/ f--h 

seeds (Lot # 48.1800-31642), supplied by Bakker Brothers of Idaho, Inc., Twin Falls, Idaho, 

were not treated with fungicides or repellents. According to records provided by the supplier, 

the seeds had a germination rate of 99.0% (January 1995). 

3.2 DETERMINATION OF THE MOISTURE FRACTION, WATER HOLDING 
CAPACITY AND HYDRATION OF TEST SOILS 

3.2.1 Moisture Fraction Determination 

Upon receipt of soil samples, a 20 gram subsample of each soil was removed from the receiving 

container and placed in a dried, preweighed, numbered aluminum pan. The subsample was 

dried in a Blue-M oven at 100 “C for approximately 24 hours. The final dry weight (x) was 

subtracted from the initial wet weight (y) of the subsample and divided by the subsample weight 

(20 grams) to obtain the moisture fraction of the soil subsample (equation: y-x grams/20 grams). 
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3.2.2 Water Holding Capacity 

Subsamples (10 grams) of the dry soils were placed in a 30 mL beaker, and an equal weight of 

deionized water were added and mixed into a slurry. A crepe paper filter, folded into qu.arters, 

was placed in a plastic funnel and evenly hydrated with deionized water. The weight of the 

funnel and hydrated paper was measured (x grams). The funnel was then set on a beak;er and 

the soil slurry poured into the funnel; a minimal amount of deionized water was,used to lightly 

rinse any remaining soil from the beaker and stir rod. An aluminum cover was, placed over the 

funnel and the system was allowed to drain for 3 hours at room temperature. The final weight 

of the funnel was measured (y grams) and the water holding capacity was determined (equation: 

x grams - y grams). 

._ 3.2.3 Hydration of Soil Samples 

Test soils for the earthworm tests were hydrated to 75 percent of water holding capacity, and 

those for the lettuce seed tests were hydrated to 85 percent of water holding capacky with 

deionized water. The amount of deionized water added to each individ$ test soil was 

determined according to the following equation: 

Hydration water to be added @L/100 g) = THW - EHW 

THW (total hydration water desired, mL/lOO g) = 
PHYD x [(PAS x WHC, + (PWS x WHCJ] 

;’ 

EHW (existing hydration water, mL/lOO g) = 
[(PAS x MF,) + (PWS x MF,)] x 100 

where PHYD = proportion of hydration required (eg. 0.75) 
PAS = proportion of artificial soil in test soil (eg. 0.5) 
WHC, = water holding capacity of the artificial soil in mL/lOO g ; 
PWS = proportion of waste sample (dilution) in the test soil 
WHC, = water holding capacity of the test sample in mL/lOO g 
MF, = moisture fraction of the artificial soil 
MFts = moisture fraction of the test sample 

f-7 ,’ 
7 I 
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Soil samples with excess moisture content were allowed to air-dry at room temperature prior to 

use in the toxicity tests. 

3.3 EXSENL4 FOETZDA TEST DESIGN 

Eisenia foetida tests were 30-day survival, growth, and bioaccumulation potential bioassays using 

test soils from all the sample stations referenced above. The site soils in section 2.0, reference 

and the laboratory control soils were used without dilution. Approximately 200 grams of a 

thoroughly homogenized soil, hydrated to 75 percent of its water holding capacity, were placed 

into each of three replicate test chambers. Test chambers were 500 mL Mason glass canning 

jars with two airholes punched in the lid to allow for gas exchange. To initiate the tests, ten 

worms, weighed to the nearest 0.01 g, were randomly loaded on top of each test, control or 

% reference soil and the lid was fastened in place. The worms in each exposure jar were then 

observed for 24 hours for any unusual behavior (e.g. lack of burrowing, inactive posture on 

surface) and pathological symptoms (e.g. hemorrhaging, swelling, elongation). The tests were 

conducted at room temperature, 20 f 2 “C, with a daily photoperiod of continuous laboratory 

illumination. Test temperature was measured continuously by placing the probe of a Supco 

continuous temperature monitor into a replicate jar containing 200 grams of hydrated control 

soil. Soil pH was measured on day 0 and day 30 by evenly mixing 5 grams of test, reference, 

or control soil with 25 grams of deionized water. The pH was measured using an Orion SA 290 

pH meter with an Orion 91-57 triode. 

.c-h” 

At 7- to 8-day intervals, the contents of each replicate chamber were emptied onto a glass pan 

to observe and enumerate the test organisms. The worms were counted and observed for 

mortality, hemorrhaging, swelling, and elongation; the presence of eggs and/or young was also 

noted. The earthworms were considered to be dead if they did not respond to a gentle 

mechanical stimulus (e.g. touch with a small spatula at the anterior end). The soil was 

rehydrated, when necessary, returned to the test chamber, and the worms reloaded on top of the 

8 
.-. 
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soil. Test organisms were not fed during the initial 13 days of testing, however, on days 14 and 

22, approximately 3 grams of aged, ground alfalfa pellets (Alachua County Feed and Seed Store, 

Gainesville, FL) were added to each replicate test and control chamber following observation 

of the test organisms. On day 30, all organisms were removed from the test chambers, 

observed, counted, and weighed. The organisms were rinsed with deionized water, blotted dry, 

and kept on wet filter paper for approximately 24 hours to purge their gut contents. 

The earthworms were prepared for shipment to the analytical laboratory for chemical analyses. 

Test organisms from each replicate chamber were placed into separate Ziploc@ bags, labeled 

with the sample identification number, date, sponsor’s name and replicate letter. The test 

organisms were stored frozen at -10 “C until shipment. 

3.4 LACTUCA SATNA TEST DESIGN 

Lettuce seed, Lactuca sativa, tests were 120-hour whole soil germination tests. Approxi,mately, 

100 grams of the thoroughly homogenized test or control soil (20-mesh, washed silica sand 

Feldspar Corporation, Edgar, FL) hydrated to 85 percent of its water holding capacity, were 

placed in each of the three replicate chambers. Test chambers comprised of 150 x 20 mm glass 

petri dishes. Forty seeds were added to each replicate dish, spacing seeds at least 0.5 inches 

from the side of the dish. The seeds were lightly pressed into the soil with the bottom of a clean 

beaker. Ninety grams of a 16-mesh cover sand were spread over the seeds and hydrated test 

soil. Each petri dish was placed in the bottom of a 30 x 30 cm plastic Ziploc@ bag and the bags 

were sealed leaving as much air space as possible. 

The initial 48-hours of the seed germination tests were conducted in complete darkness and the 

final 72 hours were conducted under a photoperiod of 16 hours of light and 8 hours of diarkness. 

The tests were conducted in an isolated room to maintain a daily temperature of 24 f 2 “C. 

The temperature was measured continuously throughout the test by placing the probe of a Supco 
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continuous temperature monitor into a replicate petri dish containing control soil. The soil pH 

was measured on day 0 and day 5 by evenly mixing 5 grams of test, reference, or control soil 

with 25 g of deionized water. The pH was measured using an SA 290 Orion pH meter with an 

Orion 91-57 triode. The number of seeds that germinated were counted at test termination. Any 

seedling that protruded above the soil surface was counted as a germinated seed. 

4.0 STATISTICAL ANALYSIS 

All toxicity data were evaluated by a statistical comparison of mean survival, growth (as wet 

weight) or germination in the test samples with the reference and/or control samples using 

appropriate statistical procedures. Analysis of variance followed by the Duncan’s Multiple 

Range Test (Snedecor and Co&ran, 1980) and Dunnett’s t-test (EPA/600/4-891001) were used 

-- to determine statistical significance. Data were first checked for normality and homogeneity of 

variance using Shapiro-Wilk’s and Bartlett’s tests, respectively. If either of these assumptions 

were not met, data was transformed using a square-root arcsine transformation and checked for ,+q* 

normality and homogeneity of variance prior to statistical analysis. For the purposes of this test, 

no data transformation was required. 

5.0 FtESULTS AND DISCUSSION 

Soil temperature and pH remained within acceptable ranges throughout the duration of the soil 

bioassays. Soil pH ranged from 4.7 to 8.5 throughout the duration of the earthworm and lettuce 

seed toxicity tests (Table 2). Soil temperature for the E. foetida tests ranged from 21 to 22 “C 

and that of the L. sativa test remained at 24 f 1 “C throughout the duration of the test. Light 

intensity ranged from 560 to 600 and 4300 to 4400 Lux for the E. foetida and L. sativa 

exposures, respectively. 

Observations documented included egg production, reproductive behavior, and lethargy in the 

E. foetida exposure vessels. Survival and growth data for the soil bioassays with E. foetida are 

n 
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presented in Table 3. Survival of E. foetida after 14 days was 100% in the all the site, 2 

reference and the laboratory control soils, indicating no acute toxicity. After 30 days of 

exposure, survival for E. foetida in the reference soil, BKNOO301, was not significantly different 

(PsO.05) from survival in the laboratory control. Survivorship in the laboratory control was 

low due to possible dehydration of the artificial control soil in one set of controls. After 30 days 

of exposure, survival for E. foetida in the reference soil, BKNOO301, and the laboratory control 

was significantly different (PsO.05) from survival in soil from sample station lON00201 and 

the second reference, BKNOOlOl (Table 3). 

There were no significant differences (P_l_O.O5) in growth of E. foetida between the reference 

(BKN00301) and the laboratory control samples after 30 days of exposure. Growth of E. foefida 

-. in the reference sample, BKNOO301 was significantly different (PsO.05) from growth in soil 

from sample station lON00301 (Table 3). 

There were no significant differences (PsO.05) in germination of L. sativa between the 

laboratory control and the reference soil, BKNOO301. The mean germination rate in the 

laboratory control was 91 percent which was lower than the supplier’s claim of 99 percent. The 

differences in germination rates between the laboratory control soil (sand) and the seed 

manufacturers’ is not statistically significant. They may be attributed to the type of soil used 

in the laboratory (clean sand) as opposed to the supplier (rich soil) and the age of the seeds used 

in the test. The lettuce seed germination in the laboratory control and reference BKN00301, was 

significantly different from reference soil, BKNOOlOl . Statistical significant diffference 

(PLO.05) in germination potential was determined between the reference BKN00301 sloil and 

7 site soils from sample stations lON00201, lONOO501, 12N00201, 12N00501, 16N01201, 

3 lN01201, and 3 lN01301. All the other soils supported normal germination of L. sativa (Table. 

4). 

11 
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6.0 CONCLUSION 

The l$-day soil bioassay test results indicated not acute toxicity of the site, reference and 

laboratory control soils to the earthworms. Chronic effects were observed after 30 days of 

exposure. Survivorship of Eisenia foeti& in the laboratory control was not significantly 

different (psO.05) from the reference soil (BKNOO301) after 30 days. Survival of Eisenia 

foetida in the reference soil, BKN00301, was significantly different (pLO.05) from survival in 

soils from sample station 1 lNOO201, and the other reference, BKNOOlOl . Growth of E. foetida 

in the reference soil, BKNO0301 was not significantly different from the laboratory control soil. 

Growth of E. foetida in the reference soil, BKNO0301, was significantly different from growth 

in soil from sample station lON00301. 

. Germination of L. sativa in the laboratory control soil was not significantly different (PsO.05) 

from the reference soil, BKN00301. Germination of L. sativa in the reference soil, BKNOO301, 

was significantly different (psO.05) from germination in soils from sample stations lONOO201, 
,f----% 

lON00501, 12N00201, 12N00501, 16N01201, 31N01201, 31N01301 and BKNOOlOl. 
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Table 1. Summary of Whole Soil Bioassays Conducted with Samples from NAS Whiting Field, Milton, Florida 
(Page 1 of 2) 

NAS WHITING FIELD, MILTON, F’LORIDA - TOXICITY DATA SUMMARY 

Sample ID Eisenia foetida % Eisenia foetida % Lactuca saliva 940 

Survival After 14 days Growth* After 30 Germination After 120 
(30 days) &YS hours 

CONTROLb 100 (81) 13 91b 

lONOO201 100 (100) 3.2 60* 

lONOO301 100 (100) -5.0* 95 

ION00501 100 (100) 6.2 83* 

1 IN00201 100 (23)* 11.8 94 

1 IN00301 100 (100) 4.6 91 

1 lN00401 100 (100) 5.2 91 

1 IN00501 100 (100) 7.2 86 

12N00201 100 (100) 6.7 76* 

12N00401 100 (100) 8.8 86 

12N00501 100 (100) 0 72* 

16N0020 1 100 (100) 27.6 96 

16N0030 1 100 (100) 8.3 91 

16N0030 1 D 100 (100) -4.8 89 

16N00601 100 (100) 12.3 94 

16N0080 1 loo (loo) -1.6 97 

16N01201 100 (100) 2.3 56* 

16N01301 100 (100) 9.4 92 

31N01201 100 (100) 30.8 77* 

31N01301 100 (100) 18.6 60* 

BKN00301 (REF) 100 (100) 10.9 97 

BKN0030 1 D(REF) loo (100) 5.0 90 

BKNOOIOl(REF) I 100 (63)* I 29.1 I 43* 

f-3. 
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Table 1. Summary of Whole Soil Bioassays Conducted with Samples from NAS Whiting Field, Milton, Florida 
(Page 2 of 2) 

‘Growth of E. foetidu, as mean individual wet weight, is expressed in grams. 
* = Significantly different from the laboratory controls (” Pooled controls) and reference BKN0030 1. 

Source: ESE 1996 

15 
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Table 2. pH of Soil Samples from NAS Whiting Field, Milton, Florida During a Toxicity Test with 
the earthworm, Eisenia foetida and the lettuce seed, Lucruca sativa (Page 1 of 2) 

Sample ID 
Eisenia foetida Luctuca sativa 

Day 0 Day 30 Day 0 Day 5 

CONTROL 7.0 7.2 7.0 6.8 

lONOO20 1 7.2 7.2 7.2 7.5 

lON00301 7.3 7.4 7.3 ; 6.6 

lON00501 6.5 6.6 6.5 6.1 

1 lN00201 6.4 6.5 6.4 6.4 

-- 1 lN00301 6.1 6.8 6.1 6.0 

1 lN00401 6.3 6.6 6.3 6.2 
r‘% 

1 lN00501 6.2 6.7 6.2 ‘; 6.1 
! 

12N00201 6.7 6.9 6.7 6.4 

12N00401 6.8 6.7 6.8 ” 6.4 

12N00501 7.3 7.4 7.3 6.8 

16N0020 1 6.3 6.6 6.3 6.0 

; 16N0030 1 5.9 6.4 5.9 5.9 

16N00301D 5.6 6.0 5.6 5.9 

16NOO60 1 6.0 6.6 6.0 6.2 

16N00801 5.6 6.7 5.6 5.7 

16N01201 5.9 6.7 5.9 6.3 

16N01301 6.2 7.1 6.2 6.2 

16 
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Table 2. pH of Soil Samples from NAS Whiting Field, Milton, Florida During a Toxicity Test with 
the earthworm, Eisenia foetida and the lettuce seed, Lucfuca sativa (Page 2 of 2) 

Sample ID 

31N01201 

Eisenia foetidb Luctuca sariva 
Day 0 Day 30 Day 0 Day 5 

5.0 6.5 5.0 5.2 

31N01301 5.0 6.9 5.0 5.1 

BKN0030 1 5.7 6.3 5.7 5.7 

BKNO030 1D 5.6 6.4 5.6 5.8 

BKNOOlOl 4.7 8.5 4.7 5.0 

Source: ESE, 1996. 
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Table 3. Survival and Growth of the Earthworm, Eisenia foetida, After 30 Days of Exposure to 
Whole Soil Samples Collected from NAS Whiting Field, Milton, Florida (Page 1 of 2) 

NUMBER ALIVE (PERCENT SURVl%‘AL)’ ^. ” ” ‘i GROWTHb 
SAMPLE ID DAY 7 DAY 14 DAY 22 DAY 30 (PERCENT) 

CONTROL 

lONOO20 1 

ION00301 

lON00501 

1 lN00201 

-- 1 lN00301 

1 lN00401 

1 lNOO501 

12NOO201 

12N00401 

12N00501 

16N00201 

16N00301 

16N00301D 

16N00601 

16NOO801 

16N01201 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (loo) 

30 (100) 

30 (100) 

30 (100) 30 (100) 

30 (loo) 30 (100) 

30 (100) 30 (100) 

30 (100) 30 (100) 

30 (100) 8 (27) 

30 (100) 30 (100) 

30 (loo) 30 (100) 

30 (100) 30 (100) 

30 (100) 30 (100) 

30 (100) 30 (100) 

30 (100) 30 (100) 

30 (100) 30 (100) 

30 (100) 30 (100) 

30 (100) 30 (100) 

30 (100) 30 (100) 

30 (100) 30 (100) 

30 (100) 30 (100) 

24 (81) 

30 (loo) 

30 (loo) 

30 (100) 

7 (23)* 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

30 (100) 

13.0 

3.2 

-5.o* 

6.2 

11.8 

4.6 

5.2 
f-h 

7.2 

6.7 

8.8 

0 

27.6 

8.3 

-4.8 

12.3 

-1.6 

2.3 

n 
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Table 3. Survival and Growth of the Earthworm, Eisenia foerida, After 30 Days of Exposure of 
Whole Soil Samples Collected from NAS Whiting Field, Milton, Florida (Page 2 of 2) 

SAMPLE ID 
NUMBER ALIVE (PERCENT SURVIVAL)’ GROWTHb 

DAY 7 DAY 14 DAY 22 DAY 30 (PERCEINT) 

16N01301 30 (100) 30 (100) 30 (100) 30 (100) 9.4 

3lNOl201 30 (100) 30 (100) 30 (100) 30 (loo) 30.8 

31N01301 30 (100) 30 (100) 30 (100) 30 (100) 18.6 

BKN00301 (REF) 30 (100) 30 (100) 30 (100) 30 (100) 10.9 

BKN00301D (REF) 30 (100) 30 (100) 30 (100) 30 (loo) 5.0 

-- BKNOOlOl (REF) 30 (100) 30 (100) 30 (loo) 19 (63)* 29.9 

a Three replicates of 10 organisms each used. Percent survival = Number Alive/Number Exposed x 100. 
b Growth (Individual Final Weight - Individual Original Weight/Individual Original Weight x 100). 
cREF = Reference sample. 
* = Significantly different from the laboratory controls (pooled controls) and reference BKNO0301. 

Source: ESE, 1996. 
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Table 4. Germination of lettuce seed, Lzcruca sativu, After 120 Hours of Exposure to Whole Soil 
Samples Collected from NAS Whiting Field, Milton, Florida (Page 1 of 2) 

SAMPLE ID 

CONTROL’ 

NUMBER NUMBER PERCENT 
EXPOSED’ GERMINATED GERMINATIONb 

120 109 91 

lON00201 120 72 

lON00301 

lONOO501 

1 lN00201 

- - 1 lN00301 

1 lN00401 

1 lN00501 

12N00201 

12N00401 

12N00501 

16N00201 

16N00301 

16N00301D 

16N00601 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

114 

100 

113 

109 

109 

103 

91 

103 

86 

115 

109 

106 

116 97 

95 

83* 

94 

91 

91 

86 

76* 

86 

72* 

96 

91 

89 

16N0080 1 120 113 94 

16N01201 120 67 56* 
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Table 4. Germination of lettuce seed, Lmtuca sativa, After 120 Hours of Exposure of Whole Soil 
Samples Collected from NAS Whiting Field, Milton, Florida (Page 2 of 2) 

SAMPLE ID 

16N01301 

NUMBER NUMBER PERCENT 
EXPOSED” GERMINATED GERMINATIONb 

120 110 92 

31N01201 120 92 77* 

3lN01301 120 71 60* 

BKN00301 (REF)d 120 116 97 

BKN0030lD (REF) 120 

-- BKNOOlOl (REF) 120 51 43* 

a Three replicates of 40 organisms each used. 
b Percent germination = Number germinated/Number Exposed x 100. 
’ Pooled controls. 
d REF = Reference sample. 
* = Significantly different from the laboratory controls (b Pooled controls) and reference BKNO0301. 

Source: ESE, 1996. 
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APPENDIX A - CHAIN-OF-CUSTODY AND TRAFFIC INFOIUkfATION 
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Date/Time 
1/8/96 t2?30 

Date/Time 

Date/Time 

Date/Time 
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Environmental Science L Engineering, Inc. 
Aquatic Toxicology Department 

Page: 
QA From: 105A 

Gainesville, Florida Effective: AUG 1994 

SUBJECT: SHORT-TERM TOXICITY TEST: L. sativa 

Sponsor: Project Number: ,?i 

PH - DAY 0 PH - DAY 5 

67 , 

68 , 

Technician: Technician: IWO 
-~-I 

l?echnician: 

germ = 
germination 

Date: \- IZ-% 
Time: IS30 

Date: t-\zxcrc 
Time: U,W 

COMMENTS : 40 seeds per replicate 



Environmental Science & Engineering, Znc. 
hatic Toxicology Department 
Gainesville, Florida 

Page: 
QA -0n05A 

Effective: AUG 1994 

suBJEcT: SHORT-TERM TOXICITY TEST: 

PH - DAY 5 
GERMINATION 

PH - DAY 0 SAMPLE 

3\s-‘31 

I - I r, 
I I 

I I 

KEY: Technician: w 

Date: 1-15.4b _ 
Time: 1530 

Technician: 

Date: r-15+ 
Time: \bas 
Meter: slt~ 

Technician: 
PiL 

Date:~-,o-qb 
Time: 15 
Meter: sq~A 

germ - 
germination 

:ate COMMENTS : 40 seeds per rep1 



. 

Environmental Science C Engineering, Inc. Page: 
Aquatic Toxicology Department QA From: 105A 
Gainesville, Florida Effective: AUG 1994 

SUBJECT: SHORT-TERM TOXICITY TEST: .L. EfatiVa I' 
,,' " 

/ 

Project Number: 31964oo~%!%k 31~ 

GERMINATION I 
PH - DAY 5 PR - DAY 0 SAMPLE 

rep. I # gem * gem 

)bd-3or 

C 
4 

Lib 

R 37 
0 39 9”g” 
c q0 I80 

59 4 

Technician: W/a ‘ 
Date: I- u,-S& 
Time: fSc0 

germ = 
germination 

Technician: Technician: 
rr\O 

Date: I.u&~ 
Time: 1to0 
Meter: sb2- Meter: %,+,A 

COMMENTS : 40 seeds per rep1 ate 



Environmental Science C Engineering, Inc. Page: 
Aquatic Toxicology Department QA -0r105A 
Gainesville, Florida Effective: AUG 1994 

SUBJ-ECT: SHORT-TERM TOXICITY TEST: 

GERMINATION 
PH - DAY 5 SAMPLE PH - DAY.0 

rep. I # g- I % germ 

OK.@-301 D 

I 
I ‘1 

I 

I 

Technician: MO/CC KEY: Technician: Technician: 

e 
Time: IWO 

germ = 
germination 

Date: w.,qr, 
Time: l~~ 
Meter: Meter: ae* 

COMMENTS : 40 seeds per replicate 



WHIT LS 
?ile: yes Transform: NO TRANSFORM 

ANOVATABLE i/?, _________--------------------------------------------------------------------- J 

2OuRCE DF ss MS F 
_____------------------------------------------------------------------------- 
3etween 6 2781.238 463.540 29.860 

Within (Error) 14 217.333 15.524 
-----------------------------------------------------------------------~------ 
rota1 20 2998.571 

Critical F value = 2.85 (0.05,6,14) 
Since F > Critical F REJECT Ho:All groups equal 

WHIT LS 
File: yes Transform: NO TRANSFORM 

BONFERRONI T-TEST - TABLE 1 OF 2 Ho:ControlcTreatment 
_______--------------------------------------------------------------------- 

TRANSFORMED MEANCALCULATED IN 
3ROUP -- IDENTIFICATION ORIGINAL UNITS T STAT SIG 
--w-s ------------------w- ----------- 
'@ * 

------------------ -MB--- --w 
control 93.333 93.333 

2 lON201 60.333 60.333 * 10.258 
3 lON301 95.333 95.333 

"' 3 
-0.622 

4 lON501 83.333 83.333 * 3.108 
5 12N201 76.000 76.000 f 5.388 
6 12N401 86.000 86.000 2.280 
7 12N501 71.667 71.667 * 6.735 

____------------------------------------------------------------------------ 
3onferroni T table value = 2.72 (1 Tailed Value, P=O.OS, df=14,6) 

WHIT LS 
File: yes Transform: NO TRANSFORM 

BONFERRONI T-TEST - TABLE 2 OF 2 Ho:ControlcTreatment 
___-__---------------------------------------------------------------------- 

NUM OF Minimum Sig Diff t of DIFFERENCE 
;ROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL 
s---e -------------------- '--s---w ---------------- ---w-w- ------------ 

1 control 3 
2 lON201 3 0.744 9.4 33.000 
3 lON301 3 a.744 

3 
-2.000 

4 lON501 3 a.744 10.000 

& 12N201 12N501 12N401 3 3 3 .a.744 a.744 9.4 914 17.333 7.333 8.744 9.4 21.667 ic‘1 
"'----'---'-----'---"-----------------------------------------------------.-----~~ ,' 



WHIT LS2 
?ile : ye81 Transform: NO TRANSFORM?i?‘IOti 

; !f---? t-test of Solvent and Blank Controls Ho:GRPl MEAN P G;RP2 MEAN 
w- ,__________________----------~----------~-------------------------------~--- 
GRPl (SOLVENT CRTL) MEAN - 90.3333 CALCULATEDt VALUE = -1.4552 
GRP2 (BLANK CRTL) MEAN - 94.3333 DEGREES OF FREEDOM - 4 
DIFFERENCE IN MEANS I -4.000.0 

-___________________--------------------------------- -_---_---_-----_---------- 
-"ABLE t VALUE (0.05 (21, 4) = 2.776 NO significant difference at alpha=O.OS 
TABLE t VALUE (0.01 (21, 4) - 4.604 NO significant difference at alpha=O.Ol 

lJHIT LS2 
file: yes1 Transform: NO TRANSFORM 

ANOVATABLE 
_------------------------------------ -------------------------------,---------- 

TOURCE DF ss .Ms F 
_------------------------------------ -------------------------------,---------- 
Between 6 2683.905 447.317 213.484 

qithin (Error) 14 266.667 19.048 
------------------------------------- -------------_--------------------------- 

1 20 2950.571 
-_------------------------------- ----------------------------------------- 

critical F value = 2.85 (0.05,6,14) 
Since F > Critical F REJECT Ho:All groups equal 

iiTHIT LS2 
Jile: yes1 4 Transform: NO TRANSFORM 

BONFERRONI T-TEST - TABLE 1 OF 2 Ho:Control<Treatment 
_------------------------ --------------------------------------------------- 

TRANSFORMED MEAN CALCULATED IN 
SROUP IDENTIFICATION ORIGINAL UNITS T STAT SIG 
----- ----e--------------- ----------- -----------w------ --m.--- W-B 

1 control 90.333 90.333 
2 llN201 94.333 94.333 -1.122 
3 UN301 91.000 91.000 -0..187 
4 llN401 91.000 91.000 -0,,187 
5 llN501 86.000 86.000 1.216 
6 31N1201 76.667 76.667 3.835 l 

7 31N1301 59.667 59.667 8,606 * 
----------_--------------------------------------------------------..-------- 
Bonferroni T table value - 2.72 (1 Tailed Value, P=O.OS, df=14,6) 

File: yes1 Transform: NO TRANSFORM 

BONFERRONI T-TEST - TABLE 2 OF 2 Ho:ControlcTreatment 



______------_---------------------------------------------------- 39t h36- 
NUM OF Minimum Sig Diff % of DIFFERENC 

GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL 
: __- -------------------- -e-w--- ---------------- ------- -___________ 

i.. 1 control 3 r---x 
2 llN201 3 9.686 10.7 -4.000 
3 llN301 3 9.686 10.7 -0.667 ' 
4 llN401 3 9.686 10.7 -0.667 
5 llN501 3 9.686 10.7 4.333 
6 3lN1201 3 9.686 10.7 13.667 
7 31N1301 3 9.686 10.7 30.667 

----------------------------~------------------------------------------------- 



WHITING FIELD 
?ile: yes3 Transform: NO TRANSFORMATION 

b tro Wilks test for normality 
em. ___-__-__--------------------------------------------------------~--------- 

3 = 467.333 

Q= 0.963 

Critical W-(P I 0.05) (n - 30) = 0.927 
Zritical W (P - 0.01) (n = 30) = 0.900 
------------------------------------""--~-------------------------~--------- 

Data PASS normality test at P-O.01 level. Continue analysis. 

'JHITING FIELD 
File: yes3 Transform: NO TRANSFORM 1 

ANOVATABLE 
------------------ ------------------------------------------------------------ 

3OURCE DF ss Ms. F -. _-------------------------------------- --------------------------------------- 
9 3912.133 434.681 18.603 

20 467.333 23.367 
-------------------- ---------------------------------------------------------- 
Total 29 4379.467 
e------------------ ----------------------------------------------------------- 

Critical F value = 2.39 (0.05,9,20) - _ 
Since F > Critical F REJECT Ho:A11 groups equal 

lJHITING FIELD 
File: yes3 Transform: NO TRANSFORM 

BONFERRONI T-TEST - TABLE 1 OF 2 Ho:ControleTreatment 
-------------------- ------------------------------------------------,-------- 

TRANSFORMED MEANCALCULATED IN 
>ROUP IDENTIFICATION ORIGINAL UNITS T STAT SIG 
-m--e -------------------- ----------- -------e---------- -sm.--- w-m 

1 CONTROL 89.333 89.333 
2 16N201 96.000 96.000 -1.689 
3 16N301 91.000 91.000 -0..422 
4 16N301D 88.667 88.667 0,169 
5 16N801 94.333 94.333 -1.267 
6 16N601 97.000 97.000 -1.942 

e 16N1201 56.000 56.000 8,,446 * 
16N1301 92.000 92.000 -0.676 

1; 
BKN301 96.667 96.667 -1.858 

BKN301D 90.333 90.333 -0q.253 
------------------------------ --_---------------------------~------~-------- 
9onferroni T table value = 2.80 (1 Tailed Value, P-0.05, df-20,9) 



WHITING FIELD 
?ile: yes4 Transform: NO TRANSFORM 
. . 
\_ ANOVA TABLE .x--h 

SOURCE DF ss MS F 
------------------------------------------------------------------------------ 
Between 2 4388.222 2194.111 114.145 

Within (Error) 6 115.333 19.222 
---_____-_-------------------------------------------------------------------- 
Total 8 4503.556 
--_____----------------------------------------------------------------------- 

Critical F value = 5.14 (0.05,2,6) 
Since F > Critical F REJECT Ho:All groups equal 

WHITING FIELD 
File: yes4 Transform: NO TRANSFORM 

BONFERRONI T-TEST - TABLE 1 OF 2 Ho:ControlcTreatment 
---------------------------------------------------------------------------- 

TRANSFORMED MEANCALCULATED IN 
GROUP -- IDENTIFICATION ORIGINAL UNITS T STAT SIG 
----- -------------------- 

e 

----------- ------------------ ---w-M w-w 
Control 89.333 89.333 Y---; 

2 BKN301D 90.333 90.333 -0.279 7 

3 BIG?101 43.000 43.000 12.943 * 
---------------------------------------------------------------------------- 
Bonferroni T table value = 2.45 (1 Tailed Value, P=O.O5, df=6,2) 

WHITING FIELD 
File: yes4 Transform: NO TRANSFORM 

BONFERRONI T-TEST - TABLE 2 OF 2 Ho:ControlcTreatment 
---------------------------------------------------------------------------- 

NUM OF Minimum Sig Diff % of DIFFERENCE 
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL 
----- -------------------- ------- ---------------- ------- ------------ 

1 Control 3 
2 BKN301D 3 8.760 9.8 -1.000 
3 BEN101 3 8.760 9.8 46.333 

I’. _._, : 
L 

: .:,.: 1’ 
‘T..’ 



NG FIELD 
yes3 Transform: NO TRANSFORM 

BONFERRONI T-TEST - TABLE 2 OF 2 Ho:ControlcTreatment 
____________-_-_------------------------------------------------------------ 

NUM OF Minimum Sig Diff % of DIFFERENCE 
3ROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL 
.-w-w -_-a_e-------------- ------- ------w-----w--- ------- -------B---- 

1 CONTROL 3 
2 16N201 3 11.043 12.4 -6.667 
3 16N301 3 11.043 12.4 -1.667 
4 16N301D 3 11.043 12.4 0.667 
5 16N801 3 11.043 12.4 -5.000 
6 16N601 3 11.043 12.4 -7.667 
7 16Nl201 3 11.043 12.4 33.333 
8 16N1301 3 11.043 12.4 -82.667 
9 BEN301 3 11.043 12.4 -7.333 

10 BKN301D 3 11.043 12.4 -~l.ooo 
------------------------------------- -------------------------------~--------- 

??HITING FIELD 
File: yes3 Transform: NO TRANSFORM 

ANOVA TABLE 

SOURCE DF ss MS F 
--------------------- -----------------------------------------------,---------- 

Between 9 3912.133 434.681 18.603 

nithin (Error) 20 467.333 23.367 
-------------------------- ---------------------------------------------------- 
Total 29 4379.467 
------_------------------------ -------------------_--------------------------- 

Critical F value = 2.39 (0.05,9,20) 
Since F > Critical F REJECT Ho:All groups equal 

mITING FIELD 
File: yes3 Transform: NO TRANSFORM 

DUNNETTS TEST - TABLE 1 OF 2 Ho:ControlcTreatnrent 
----------------------------------- ----------------------------- 

TRANSFORMED MEAN CALCULATED IN 
GROUP IDENTIFICATION ORIGINAL UNITS 
----- ------------w---m--- ---------M- -----M---e-------- 

CONTROL 89.333 89.333 
16N201 96.000 96.000 

4 
16N301 91.000 91.000 

16N301D 88.667 88.667 
5 16N801 94.333 94.333 
6 16N601 97.000 97.000 

T STAT SIG 
-me.--- --a 

-1.689 
-0.422 

0.169 
-1.267 
-1.942 



7 16N1201 56.000 56.000 8.446 + 
8 16N1301 
9 BKN301 

-0 BKN301D 
\-, ---------_--------------- 

9unnett table value = 2.60 

92.000 92.000 -0.676 
96.667 96.667 -1.858 
90.333 90.333 -0.253 

----------------------------------------------------- ..-, 
(1 Tailed Value, P=O.O5, df=20,9) 

'?HITING FIELD 
?ile: yes3 Transform: NO TRANSFORM 

DUNNETTS TEST - TABLE 2 OF 2 Ho:ControlcTreatment __________________---------------------------------------------------------- 

GROUP IDENTIFICATION 
a.---- -------------------- 

1 CONTROL 
2 16N201 
3 16N301 
4 16N301D 
5 16N801 
6 16N601 
7 16N1201 
8 16N1301 
9 BKN301 

10 BKN301D -. 

NW OF 
REPS 
------- 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Minimum Sig Diff 
(IN ORIG. UNITS) 
---------e------ 

0 of 
CONTROL 

DIFFERENCE 
FROM CONTROL 
-w-----w---- 

10.262 
10.262 
10.262 
10.262 
10.262 
10.262 
10.262 
10.262 
10.262 

-6.667 
-1.667 

0.667 
-5.000 
-7.667 
33.333 
-2.667 
-7.333 
-1.000 



Environmental Sciince k Engineering, Inc. ESE Project No;31ciL‘kl3 C &a . - 
Toxicology Laboratory ESE QA Form Number: I123 
Gainesville, Florida Effective Date: January 1996 

. 

KEY: 08S = OIfERVATION REP = REPLICATE A P UiiE SW I S~rn~gj EL = =ELONGATION NE - HEIb4OImkIAGING 
LE - IJdIARGIC ALF - ALFALFA D-DEAD NF - NOT FOUND SU - STANDARD UNlTS hJ=wE 



Environmmal Science & Engineering, Inc. 
Toxicology Laboratory 
Gainesville, Florida 

ESERojectNo: 319h00G- oloo-?P\o~ 
ESE QA Form Numbec 1 I23 
I2lbclive Date: January 1996 

. 

SUBJECT: TOXICIT+Y DATA SHEET SPECDZS: 

KEY: OBS = OEhRVATION 
LE - LEihRGIC 

REP - REPLICATE A = ALIVE SW - SWELLING EL - ELONGATION HE - HEMORRHAGING 
ALF = ALFALFA D-DEAD NF - NOT FOUND SU - STANDARD UNITS 



Environmental Science & Engineering, Inc. 
Toxicology Laboratory 
GainedlIe, Florida 

clscx3 
ESE Project No: 31% %=6- =‘=‘*&?& 

ESE QA Form Number: II23 
Effective Date: January 1996 

KEY: OBS - O&RVATION REP - REPLICATE 
LE - LETHARGIC ALP-ALFALFA 

A-ALIVE 
D-DEAD 

SW - SWELLING 
NF - NOT FOUND 

EL - ELONGATION HE u ~O~Glfjfj 
SU - STANDARD UNITS he U-F; 



Environmental !kience & Engineering, Inc. 
Tox’kology Laboratory 
Gainesville, Florida 

ESE QA Form Number: I I23 
Effwivs Date: January 1996 

KEY: OBS - O&RVATION REP - REPLICATE A-ALIVE SW - SWELLING EL - ELONGATION HE - HEMORRHAGING 
LE - LETiIARGIC ALF = ALFALFA D-DEAD NP - NOT FOUND SU = STANDARD UNITS 



J 

f 
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Environmental Science & Engineering, Inc. 
Toxicology Laboratory 
Gainesville, Florida 

ESEProjectNo: 3~c\l,4+CEG-O~~ 
ESE QA Form Number: 1123 
Effective Date: Jmury 1996 

KEY: OBS - OBERVATlON REP = REPLICATE A=AlpE SW 4mLm EL - ELONGATION HE - HEMORRHAGING 
LB - LETHARGIC ALF - ALFALFA D=DEAD NF - NOT FOUND SU - STANDARD UNITS 

I 

. > I N. 

-* 

> / 



Envimmenral Science & Engineering, hc. ES3 Project No: 31 c\ldkZ fi- G tQC3 
Toxicology Laboratory ESE QA Form Number: 112.3 
Gainesville, Florida l?ffistive Date: January 1% 

” 

DAY 

DATE 

FEEDING 

TIME 

DATA BY 

SAMPLE ID 

SUBJECT: TOXICITY DATA SHEET SPECIES: Eisenia fmricso 

REP 
I 

PH (su) 
I 

WEIG;IT (9) 
bit. Final bit. Final I 

Temp 
w 

DAY 0 I DAY 7 I DAY 14 

No. 
Alive 

OBS No. OBS No. OBS 
Alive Alive 

\( , .V , ,‘- 

!P 

DAY 22 DAY 30 

No. OBS No. OBS 
Alive Alive 

IO d 0 I3 WkJ 

IO rJ 

KEY: OBS - OBERVATION RBP - REPLICATE Amtm SWmS$if-~G EL = ELOhlGATK?N HE - HEMORRHAGING 
LE - LETHARGIC ALF - ALFALFA D-DEAD NF - NOT FOUND SU - STANDARD UNITS 





L 4 

Whiting Hold 8arthwox-a Weight. 

file: weight4 Traxuformr lm TRAHsFow 

-*slmn - TmL81012 iio:cbntrol<Tre8tinent 
-_-_----__-__-------____________________------------------------------------ 

TaNlsmm mAmc!AuumTBDIN 

ORUIP IDmWI?fCATIOl mNl ORIOIH&L oI(ITt3 T 6TAT 810 
_---- ---mm-__--_---eewv-e seeew-m---- em---------------- ----m- -m- 

1 8111301 0.013 0.003 
2 16ln301 0.090 0.090 -0.256 

-_--_----__-----_--_-------------------------------------------------------- 

Dlumett tab10 wluo - 16.1s (1 Idled Value, P-0.05, df-4.1) 

Whitlxq Piold Barth*om Neightm 

Nlox wigtlc4 TrBnBrormx 130 TNkNsml?ll 

MaarmT’BTBBT - TmLE2OP2 Ho:Control&reetmant 
-___------_---__---_____________________------------------------------------ 

Mm OP )linlwa 810 Dlfi * of DIPFKRENCB 

- IDPICTIIICAftOll RRPB tmDn1a. DmITs) mtrrROL PRCMComROL 
-e-e- m--ee----m----m--mme -----e- -------e--m----- me----- -----m------ 

1 em301 3 
2 urn301 3 1.903 2379.0 -0.007 

---_-----_-___-_---_---------------------------------------------------------- 



Whiting Eathuora Weights 
Filet 1engtN Tramfoxm Ho TRAHsmxn 

NKIVA TABLB 
------__-___---_--__---------------------------------------------------------- 

sumcll DP 85 us P 
----_------_--_--_-_---------------------------------------------------------- 

Between 9 0.049 0.00s 1.504 

Within Ukror) 20 0.072 0.004 
__-----*_--------_-_____________________-------------------------------------- 

mea1 29 0.120 
-----------------___---------------------------------------------------------- 

i 
CrItical ? v8lue - 2.39 (0.0s,9.20) 
Since I e Critical I PAIL To m Ho: All equal 



whiting Bwthwrm ghtm 
Pile: length1 TranBtolm I(0 TaANsmBN 

DmmElT’STBm - Tmxa10P2 RorCuntrol~hetatwnt 
-_-----_-_____--___-____________________--------------------------------*--- 

mANsPoBnED NBANCALCVIATBDIN 

aBa?P IDEmIPIcArIm NBAN otuauw WITS f STAT 810 
----- ---em-a-mme.vee--ee- -~~~~~-~~-- ^-----s----------- ------ --- 

1 Bm301 0.00 0.083 

2 iomor 0.030 0.030 1.091 
3 lomoi -0.050 -0.050 2.727 l 

4 1on501 0.063 0.063 0.409 
5 i2mo1 0.073 0.073 0.205 
6 12MOl 0.093 0.093 -0.205 
1 12n501 0.009 0.007 1.566 

I urn03 0.020 0.020 1.295 
9 1lmOl 0.040 0.040 0.886 

10 1111401 0.050 0.050 0.662 
----__-----_-------_-------------------------------------------------------- 

Dunnett table value - 2.60 (1 Tailed Value, P-0.05, df-20,s) 

Nbiticg Earth*orm weight. 
?ile: length1 Truutomr No TaANsPoRN 

mnlNmr’BTENT - TABLE 2 OF 2 HorControlOre~tment 
__-_-_---*--------__-------------------------------------------------------- 

NW oc Winimum Big Diff 9 of DIPPBRENCR 

- -lIcATIUt REP8 (IN DRIO. tIcfITS) ColcFROL FRal CMSTROL 
-a--- s--m---a----e-eD---- ------- --------------mm -~~~~~~ ---------e-- 

1 8-01 3 
2 iomoi 3 0.127 152.6 0.053 
3 1011301 3 0.127 152.6 0.133 

4- ~~;-~-lomo1 3 0.127 152.6 0.020. 
5 i2mol 3 0.127 l&S o&o 
6 12MOl 3 0.127 152.6 -0.010 
7 12RsOl 3 0.127 152.6 0.077 

?! llN201 3 0.127 152.6 0.063 
9 1111301 3 0.127 152.6 0.043 

10 1111101 3 0.127 162.6 0.033 
------_--_-_____-------------------------------------------------------------- 



whiting urthllon Ireightr 
Pilo: weight3 Trmufora: m lRAwsQvRw 

nwovATABL8 
----------_-_-_-__-_____________________-------------------------------------- 

saws DQ 88 MS Q 
___-___--_--__--_--_____________________-------------------------------------- 

setuaen 9 0.303 0.034 9.236 

wiehln mror) 20 0.073 0.004 
-______--_----_--_-________________^____-------------------------------------- 

TwaL 29 0.376 
--__-_-_____--_--------------------------------------------------------------- 

. 

Crftical Q value - 2.39 (0.0S,9.20) 

Since Q > Critical Q RBJKCf lb: Nl equal 

--. 



Whiting lbthuor&ight. 
Filer weight3 Tranafomr 110 -rRAlrsQoRn 

DmQmm*sl8sT - TABLElOQ2 Ho:Control<heatment 
---*_____-_-__*_----____________________------------------------------------ 

ll?MSQORMtD I@ANCALCULhTSDIN 

mom ID~IQI~TI~ 9mAn DRIOItmL DNITS T 6TAT 810 
be--v-m-- 

mm301 
lllt601 

3181201 
3181301 
16N201 
16n301 

16r001D 

lCU601 
161601 

16Nl201 

0.083 0.00 

0.073 0.073 

0.250 0.250 

0.169 0.169 

0.270 0.270 
0.013 0.013 

-0.043 -0.043 
0.120 0.120 

-0.017 -0.017 

0.023 0.023 

0.203 

-3.392 
-2.144 
-3.788 
0.000 
2.671 

-0.744 
2.029 
1.216 

--------_-__--------____________________------------------------------------ 

Dumett table v8lue - 2.60 (1 Tailed Value, P-0.05, df-20,9) 

Whiting garthworn Weighta 
Ml.: wight3 Tranafomt m ntAFiam~ 

-‘smsT - TABL8 2 OF 2 Ho:ControlcTreatment 
-_-___________---__--------------------------------------------------------- 

mrC OF Niairur Big Diff 8 of DIQQERBNCB 

- IDlQ4TIQICRTIOII UP8 (IR ORIQ. UNITS) -0L QROM WNTROL 
mwes- -----~-~-~~~--~----~ ----me- --s------------- em----- ------~~-~~~ 

1 am01 3 
a lm601 3 0.126 153.7 0.010 

3 3181201 3 0.126 163.7 -0.167 

4 3181301 3 0.126 153.7 -0.106 

I 16lv201 3 0.128 153.7 -0.167 
8 1611301 3 0.120 153.7 0.000 

7 16lnolD 3 0.126 153.7 0.127 
a :6!!60: 3 0.121 lS3;7 -0.037 

9 16tmOl 3 0.126 163.7 0.100 
10 16ul201 3 0.120 lS3.7 0.060 

-_-*__-_---__--_________________________-------------------------------------- 



Whiting Pield mrthuorm Neightm 
Filer length rfuuformr 110mAmPuRu 

SUIRCB OF ss I(s Q 
-----____--------__----------------------------------------------------------- 

B.tueon 2 0.018 0.009 0.94d 

within mrot) 6 0.059 0.010 
_-__-_---__-------_----------------------------------------------------------- 

Tvte1 0 0.077 
--_--__------^___-_----------------------------------------------------------- 

Critical Q value = 5.14 (0.05,2,6) 
8inco Q ( Critical Q FAIL TO RBJBCT Ho: Nl equal 

Whiting Field lbthuorr Weight8 

Pilo: length TraNfom: Ho TRANsQmn 

Mna6ETr’STBsf - TABL# 1OQ 2 Ho:Contrul~Treatrnent 

mNmQoRJmD MJW?CAU!DL&TgDIR 

V IDBI(TIQIcArIQI nmll ORIOINAL mm9 T STAT 810 
_____ m-me------m------m-- ee-e---e-e* ------------------ ------ --- 

1 control 0.127 0.127 

a gm301 O.OS3 0.003 0.536 
3 BIlcLOl 0.193 0.193 -0.625 

_____-_-_---__-_--_______________ --___-------__----------------------------- 

wumtt table nlue 0 2.34 (1 Tailed Value, P-0.0s. df-6.2) 

Whiting Qiold -rm Weight8 

Qua: length TranmfoarmO~ 

umsTT’sTKsT - TNiIJ#2OQ2 JSorControl0reatment 
ew--emw--w------ ----_-----_------------------------------------------------- 

llU4 OF Minim gig Diff $ of DImCg 
Qoop meRIQICATIQ REPS ulIoR10.mITs1 WlrrgOL QRCU mot 
-w-m- --Mw--s-w * w-----s w--w------------ -me-m-- mm-essee-e-- 
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APPENDIX G 

PLANT SPECIES AT NAVAL AIR STATION WHITING FIELD 
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Appendix G 
Plant List for NAS Whiting Field 

Common Names Scientific Names 
Scratch daisy Haplopappus divaricatus 

Site 1 Site 2 Site 9 Site 10 Site 11 Site 12 Site 13 Site 14 Site 15 Site 16 Site 17 Site 18 Site 31 B Site 31 C Site 31 E Site 31 F 
X 

Hedyotis Hedyotis uniflora 
Spanish daisy Helenium amarum 
Pineweed Hypericum gentianoides 
St. Andrew’s Cross Hypericum hypericoides 
St. Peter’s wort Hypericum tetrapetalum 
Butter-mint Hyptis mutabilis 
Gallberry llex coriacea 
Yaupon holly llex vomitoria 
Hairy indigo lndigofera hirsuta 
Pea lndigofera miniata 
Morning glory lpomoea cordatotriloba 
Cypress-vine lpomoea quamoclit 
Jacquemontia Jacquemontia tamnifolia 
Red cedar Juniperus virginiana 
Lantana Lantana sp 
Lespedeza Lespedezasp 
Lespedeza Lespedeza stuevii 
Blazing star Liatris chapmanii 
Blazing star Liatris sp 
Chinese Privet Ligustrum sinense 
Lobelia Lobelia sp 
Japanese Honeysuckle Lonicera japonica 
seed box Ludwigia altemifolia 
False Loose&rife Ludwigia arcuata 
Ludwigia Ludwigia octovalvis 
Staggerbush Lyonia fruticosa 
Chinaberry Melia azedarach 
Mimosa Mimosa strigillosa 
False garlic Nothoscordum bivalve 
Cut-leaf Evening Primro Oenothera laciniata 
Primrose Oenothera sp 
Prickly-pear cactus Opuntia sp 
Yellow wood sorrel Oxalis stricta 
Timothy grass Phleum sp 
Pokeweed Phytolacca americana 
Slash pine Pinus elliottii 

X 
X 

X 

X 

X 

X 
X 
X 

X 
X 

X 

X 
X 

X 

x x 
X 

X 

X 

X 

X 
X 

x x 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 
X X 
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Appendix G 
Plant List for NAS Whiting Field 

:ommon Names Scientific Names Site 1 Site2 Site9 Site 10 Site 11 Site 12 Site 13 Site 14 Site 15 Site 16 Site 17 Site 16 Site318 Siie31 C Site31 E Site31F 
ongleaf pine Pinus palustris x x 
ioldenaster 
8outhern plantain 
:amphonveed 
Jireweed 
oint weed 
martweed 
ustweed 
herry Tree 
racken fern 
udzu 
yracantha 
urkey oak 
aural oak 
aks 
linged sumac 
exican clover 
lack berry vine 
lackeyed Susan 
entian 
lillow tree 
ue Sage 

w 
>pcom tree 
cklepod 
reenbrier 
Dmmon nightshade 
ddenrod 
adder 
xson ivy 
uecurls 
ueberry 
rrbena 
rrbena 
wnk daiav L_. . --.-, 

.ape vine 
rcca 

Pityopsis graminifolia 
Plantago virginica 
Pluchea odorata 
Polygonella gracilis 
Polygonella polygama 
Polygonum sp 
Polypremum procumbens 
Prunus sp 
Pteridium aquilinum 
Pueraria lobata 
Pyracantha sp. 
Quercus laevis 
Quercus laurifolia 
Quercus sp 
Rhus copallina 
Richardia brasiliensis 
Rubus sp 
Rudbeckia hirta 
Sabatia sp 
Salix sp 
Salvia azurea 
Salvia riparia 
Sapium sebiferum 
Senna obtusifolia 
Smilax sp 
Solanum americanurn 
Solidago sp 
Spennacoce prostrata 
Toxicodendron radicans 
Trichostema dichotomum 
Vaccinium sp 
Verbena brasiliensis 
Verbena officinalis 
Varhcacina nnrmlinirlac - -.-.e-...- -..--,,“,--- 

viis sp 
Yucca filamentosa 

X 

X 

X 
X 
X 

X 

X 
X 

X 

X 
X 

X 
X 

X 

X 
X 

X 

X 

X 

X 
X 

X 
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x x 
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x x 
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X X 
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x x x 
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X X 

X X 
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x x 
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x x 
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Appendix G 
Plant List for NAS Whiting Field 

Common Names Scientific Names Site 1 Site 2 Site 9 Site 10 Site 11 Site 12 Site 13 Site 14 Site 15 Site 16 Site 17 Site 16 Sle 31 B Site 31 C Site 31 E Site 31 F 
Centipede grass X X X X 

References: 
A Guide to Field Identification Wildflowers of North America, Frank Venning, Golden Press, New York, New York 1964 

Wildflowers of the Southeastern United States, W.H. Duncan, L.E. Foote, University of Georgia Press, Athens, Georgia,1975 

The Guide to Florida Wildflowers, Taylor, Taylor Publishing Co. Dallas Texas, 1992 

Wetland and Transition Plants of Peninsular Florida, R.H. Mohlenbrock, Wetland Training Institute, Inc., Poolesville, Maryland, 1993 

Identification Manual for Wetland Plant Species of Florida, R.L. Dressler, D.W. Hall, K.D. Perkins, N.H. Williams, Institute of Food and Agricultural Sciences, Gainsville, Florida, 1991 

The Tress of Florida, Gil Nelson, Pineapple Press, Inc. Sarasota, Florida, 1994 

The Audubon Society Field Guide to North American Wildflowers Eastern Region, W.A. Niering, N.C. Olmstead, Alfred Knopf, N.Y., N.Y. 1979 

Trees of Northern Florida, H. Kurz and R.K. Godfrey, University of Florida Press, Gainesville, FL. 
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Appendix H 
Rare, Endangered, and Threatened Plants and Animals Which Occur 

or May Occur at NAS Whiting Field 

Scientific Name 
PLANTS 
Agrimonia incisa 
Andropogon arctatus 
Aristida simpliciflora 
Aster chapmanii 
Aster eryngiifolius 
Baptisia calycosa var villosa 
Calamovilfa curtissii 
Calopogon multiflorus 
Calycanthus f. var floridus 
Carex baltzellii 
Carex tenax 
Chrysopsis godfreyi 
Chrysopsis gossypina spp. 
Cladium mariscoides 
Cladonia perforata 
Cleistes divaricata 
Coelorachis tuberculosa 
Drosera intermedia 
Eleocharis rostellata 
Epigaea repens 
Helianthemum arenicola 
Hexastylis arifolia 
llex amelanchier 
lllicium florldanum 
Juncus gymnocarpus 
Kalmia latifolia 
Lachnocaulon digynum 
Lilaeopsis carolinensis 
Lilium catesbaei 
Lilium iridollae 

Common Name 
Global State 
Rank Rank 

Federal State Observed at 
Status Status NASWF 

incised groove-bar 
pine-woods bluestem 
southern three-awned grass 
Shinner’s aster 
snakeroot aster 
hairy wild indigo 
Curtiss’ sandgrass 
many-flowered grass pink 
sweet shrub 
Baltzell’s sedge 
sandhill sedge 
Godfrey’s golden aster 
Cruise’s golden aster 
pond rush 
perforate reindeer lichen 
rosebud orchid 
Piedmont jointgrass 
spoon-leaved sundew 
beaked spikerush 
trailing arbutus 
gulf rockrose 
heartleaf 
serviceberry holly 
Florida anise 
Coville’s rush 
mountain laurel 
bog button 
Carolina lilaeopsis 
southern red lily 
panhandle lily 

G3 
G3 
G2 

G2G3 
G3? 

G2Tl T2 
G2 

G3G4 
GST4 

G2 
G5? 
G2 

G5T2 
G5 
Gl 
G4 
G3 
G5 
G5 
G5 
G3 
G5 
G4 
G5 
G4 
G5 
G3 
G3 
G4 

GlG2 

s2 
s3 
52 

S2S3 
S2S3 
SlS2 

s2 

s2 
s2 
s2 
s2 
s2 
Sl 
Sl 

s3 
s3 
Sl 
s2 
s3 
s3 
s2 
s3 
Sl 
s3 

S2? 
S2? 
s3 

SlS2 

c2 VI 
3C [ll 
c2 t11 
c2 ill 
c2 [II 
c2 [ll 
c2 111 

N 
N 

c2 [ll 
N 

c2 PI 
c2 ill 

N 
LE 
N 

c2 [l 1 
N 
N 
N 
N 
N 

floodplain swamp 

3C 111 
N 

3C VI 
N 

c2 111 
3C 111 

N 
c2 VI 

N 
N 
N 
N 
N 
LT 
LT 
LE 
LE 
LT 
N 
N 

LE 
N 
LE 
LT 
N 
LT 
N 
LE 
N 
LT 
N 
LT 
N 
LT 
N 
N 
LT 
LE 

floodplain swamp 
floodplain swamp 
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Lindera subcoriacea bog spicebush 
Linum westii West’s flax 
Litsea aestivalis pondspice 
Lupinus westianus gulf coast lupine 
Macranthera flammea hummingbird flower 
Magnolia acuminata cucumber magnolia 
Magnolia ashei Ashe’s magnolia 
Magnolia pyramidata pyramid magnolia 
Magnolia tripetala umbrella magnolia 
Malaxis unifolia green adders-mouth 
Matelea alabamensis Alabama spiny-pod 
Medeola virginiana indian cucumber-root 
Monotropa hypopithys pinesap 
Myriophyllum laxum Piedmont water-milfoil 
Nuphar lutea ssp. ulvacea west Florida cowlily 
Panicum nudicaule naked-stemmed panic grass 
Peltandra sagittifolia spoon-flower 
Pinguicula planifolia Champman’s butterwort 
Pinguicula primuliflora primrose-flowered butterwort 
Platanthera blephariglottis white-fringed orchid 
Platanthera ciliaris yellow-fringed orchid 
Platanthera clavellata little club-spur orchid 
Platanthera cristata crested fringed orchid 
Platanthera integra yellow fringeless orchid 
Platanthera nivea snowy orchid 
Pogonia ophioglossoides rose pogonia 
Polygonella macrophylla large-leaved jointweed 
Potamogeton floridanus Florida pondweed 
Quercus arkansana Arkansas oak 
Rhexia parviflora small-flowered meadowbeauty 
Rhexia salicifolia panhandle meadowbeauty 
Rhododendron austrinum orange azalea 
Rhynchospora crinipes hairy-peduncled beakrush 
Rhynchospora decurrens decurrent beakrush 
Rhynchospora stenophylla narrow-leaved beakrush 
Sarracenia leucophylla white-top pitcher-plant 
Sarracenia psitticina parrot pitcher-plant 

> 

Sheet1 

G2 
G2 
G3 
G2 
G3 
G5 
G3 
G4 
G5 
G5 
Gl 
G5 
G5 
G3 

G5T2 
G3? 

G3G4 
G3? 
G4 

G4G5 
G5 
G5 
G5 
G4 
G5 
G5 
G2 

GIG2 
G3 
G2 
G2 

G3G4 
Gl 

G3G4 
G4 
G3 
G4 

Paae 2 
1 

Sl 
s2 
s2 
s2 
s2 
s2 
s2 
s2 
Sl 
s3 
Sl 
s2 
Sl 

S2S3 
s2 

S2? 
s3 
s2 

Si 

s3s4 

s2 
SlS2 
SlS2 

s2 
s2 
s3 
Sl 
s2 

S2S3 
s3 

c2 Ill 
c2 VI 
c2 ill 
c2 111 

N 
N 

c2 VI 
N 
N 
N 

c2 PI 
N 
N 

c2 VI 
c2 111 
c2 VI 

N 
c2 111 

N 
N 
N 
N 
N 

3C PI 
N 
N 

c2 VI 
c2 VI 
3C 111 
c2 VI 
c2 111 
3C VI 
c2 [II 
c2 VI 

N 
c2 HI 

N 

LE 
LE 
LE 
LT 
LE 
LE 
LE 
LE 
N 
LE 
LE 
LE 
LE 
N 
N 
N 
N 
LT 
LE 
LT 
LT 
N 
LT 
LE 
LT 
LT 
LT 
N 
N 
LE 
N 
LE 
N 
N 
N 
LE 
LT 

floodplain swamp 

floodplain swamp 

floodplain swamp 



Sarracenia purpurea purple pitcher-plant 
Sarracenia rubra sweet pitcher-plant 
Selaginella ludoviciana gulf spikemoss 
Sideroxylon lycioides buckthorn 
Spiranthes laciniata lace-lip ladies tresses 
Spiranthes ovalis lesser ladies tresses 
Stewartia malacodendron silky camellia 
Tephrosia mohrii pineland hoary-pea 
Thalictrum subrotundum reclined meadowrue 
Woodsia obtusa blunt-lobed cliff fern 
Xanthorhiza simplicissima yellow-root 
Xyris chapmanii Chapman’s yellow-eyed grass 
Xyris drummondii Drummond’s yellow-eyed grass 
Xyris longisepala karst pond xyris 
Xyris louisianica Kral’s yellow-eyed grass 
Xyris scabrifolia Harper’s yellow-eyed grass 

FISH 
Etheostoma proeliare 
Fundulus dispar blairae 
Fundulus jenkinsi 
Hybognathus hayi 
Notropis melanostomus 
Percina austroperca 
Pteronotropis welaka 

cypress darter 
southern star-head topminnow 
saltmarsh topminnow 
cypress minnow 
blackmouth shiner 
southern logperch 
bluenose shiner 

AMPHIBIANS 
Ambystoma cingulatum 
Ambystoma tigrinum 
Amphiuma pholeter 
Rana capito .-- _ :---. 

REPTILES 
Alligator mississippiensis 
Crotalus adamanteus 
Drymarchon corais couperi 
Eumeces anthracinus 

flatwoods salamander 
tiger salamander 
one-toed amphiuma 
gopher frog 

American alligator 

G5 
G3 

G3G4 
G5 

G4G5 
G5 
G4 

G2?Q 
GlG2 

G5 
G5 
G3 
G3 
G2 

G3? 
G3 

G5 
G3G4Q 

G3 
G5 

GlG2 
G3 
G4 

G2G3 
G5 
G3 
G4 - .._ ~- 

G5 
eastern diamondback rattlesnake 
eastern indigo snake 
coal skink 

G5 
G4T3 

G5 
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s2 
s3s4 

s2 

s3 
Sl 
Sl 

s3s4 
Sl 
Sl 
s2 
s2 
Sl 
Sl 

s2 
sis2 

s2 
SlS2 

Sl 
s2 
s4 

S2S3 
s3 
53 
s3 

s4 
S? 
s3 
s3 

N 
N 
N 
N 
N 
N 
N 

c2 VI 
c2 VI 

N 
N 
N 

c2 111 
c2 [II 

N 
c2 PI 

N 
N 
N 
N 

c2 ill 
N 
N 

c2 VI 
N 
N 

c2 VI. 

T(S/A) 
N 
LT 
N 

LT 
LT 
N 
LT 
LT 
LE 
LE 
N 
N 
LT 
LE 
N 
N 
LE 
N 
LT 

N 
N 
LS 
N 
LE 
N 
LS 

N 
N 
N 
LS 

LS 
N 
LT 
N 

pine plantation 



Gopherus polyphemus gopher tortoise 
Heterodon simus southern hognose snake 
Lampropeltis calligaster mole snake 
Macroclemys temminckii alligator snapping turtle 
Malaclemys terrapin pileata Mississippi diamondback terrapin 
Nerodia clarkii clarkii gulf salt marsh snake 
Nerodia cyclopian Mississippi green water snake 
Pituophis melanoleucus mugitus Florida pine snake 

BIRDS 
Accipiter cooperii 
Aimophila aestivalis 
Ammodramus henslowii 
Ammodramus maritimus fished 
Casmerodius albus 
Charadrius alexandrinus 
Charadrius melodus 
Cistothorus palustris marianae 
Dendroica dominica stoddardi 
Egretta caerulea 
Egretta rufescens 
Egretta thula 
Egretta tricolor 
Elanoides forficatus 
Eudocimus albus 
Falco columbarius 
Falco peregrinus 
Falco sparverius paulus 
Haematopus palliatus 
Haliaeetus leucocephalus 
lxobrychus exilis 

~L&teraXUs jamaicensis 
Mycteria americana 
Nyctanassa violacea 
Nycticorax nycticorax 
Pandion haliaetus 
Pelecanus occidentalis 

Cooper’s hawk 
Bachman’s sparrow 
Henslow’s sparrow 
Louisiana seaside sparrow 
great egret 
snowy plover 
piping plover 
Marian’s marsh wren 
Stoddard’s yellow-throated warbler 
little blue heron 
reddish egret 
snowy egret 
tricolored heron 
American swallow-tailed kite 
white ibis 
merlin 
peregrine falcon 
southeastern American kestrel 
American oystercatcher 
bald eagle 
least bittern 

G4 
G3 
G4 

G4T4 
G4 
G4 
G3 

G3T3 
G5T3Q 

G5 
G4 
G5 
G5 
G5 
G5 
G5 
G4 

G5T3T4 
G5 
G5 
G5 

black rail -.. 
wood stork 
yellow-crowned night-heron 
black-crowned night-heron 
osprey 
brown pelican 

~--.-.G4? 
G4 
G5 
G5 
G5 
G4 

Sheet1 

G3 
G4G5 

G5 
G3G4 
G5T3 
G4T3 

G5 
G5T3? 

s3 
S? 

S2S3 
s3 
S? 
S3? 
Sl 
s3 

S3? 
s3 
S? 
Sl 
s4 
s2 
s2 
S3? 

S2S3 
s4 
s2 
s4 
s4 

S2S3 
s4 
su 
s2 
S3? 
s3 
s4 
s4 
S3? 
s2 
S3? 
S3? 

s3s4 
s3 

c2 PI 
c2 VI 

N 
c2 VI 
c2 VI 
c2 VI 

N 
(22 111 

N 
c2 [I 
c2 [I 

N 
N 

c2 [I 1 
LT 
N 

c2 PI 
N 

c2 [II 
N 
N 
N 
N 
N 
LT 

c2 111 
N 
N 
N 

c2 [I] 
LE 
N 
N 
N 
N 

LS 
N 
N 
LS 
N 
N 
N 
LS 

uplands 

N 
N 
N 
N 
N 
LT 
LT 
LS 
N 
LS 
LS 
LS 
LS 
N 
LS 
N 
LE 
LT 
LS 
N 
N 
N 
LE 
N 
N 

LS 
LS 

airfield clear-zone 

storm water retention pond 

storm water retention pond 

storm water retention pond 

> 

Prrle 4 
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Picoides borealis 
Picoides villosus 
Plegadis falcinellus 
Rallus longirostris scottii 
Rynchops niger 
Seiurus motacilla 
Speotyto cunicularia floridana 
Sterna antillarum 
Sterna caspia 
Sterna maxima 
Sterna sandvicensis 

MAMMALS 
Corynorhinus rafinesquii 
Eptesicus fuscus 
Myotis austroriparius 
Mustela frenata olivacea 
Ursus americanus floridanus 

red-cockaded woodpecker 
hairy woodpecker 
glossy ibis 
Florida clapper rail 
black skimmer 
Louisiana water-thrush 
Florida burrowing owl 
least tern 
Caspian tern 
royal tern 
Sandwich tern 

Rafinesque’s big-eared bat 
big brown bat 
southeastern bat 
southeastern weasel 
Florida black bear 

G3 
G5 
G5 

G5T3? 
G5 
G5 

G4T3 
G4 
G5 
G5 
G5 

G3G4 
G5 
G4 

G5T4 
G5T2 

s2 
S3? 
s2 
S3? 
s3 
s3 
s3 
s3 
S2? 
s3 
s2 

S3? 
s3 
S? 
S3? 
s2 

LE 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

c2 VI 
N 

c2 VI 
N 

Cl 

LT 
N 
N 
N 
LS 
N 
LS 
LT 
N 
N 
N 

N 
N 
N 
N 
LT 

NOTES: 

List taken from the Nature Conservancy Report (1997). 
Ranking system developed by The Nature Conservancy and the Natural Heritage Program Network. 
The global rank is based on the species worldwide status; the state rank is based on the status of the species in Florida. 
[I] The Federal Candidate ranking levels C2 and 3C were removed from federal listing in the spring of 1996. 

Global Rank 
G2 = Imperiled globally because of rarity (6 to 20 occurrences or ~3,000 individuals) or because of vulnerability to extinction due to some 

natural or artificial factor. 
G3 = Either very rare and local throughout its range (21-i 00 occurrences or ~10,000 individuals) or found locally in a restricted range or 

vulnerable to extinction of other factors. 
G4 = Apparently secure globally (may be rare in parts of range) 
G5 = Demonstrably secure globally 
G#? = Tentative rank (e.g., G2?) 
G#G# = Range of rank; insufficient data to assign specific globa rank (e.g., G2G3) 
G#T# = Rank of taxonomic subgroup such as subspecies or variety; the G portion of the rank refers to the entire species and the T portion 

refers to the specific subgroup; numbers have same definition as above (e.g., G3Tl) 
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G#Q = Rank of questionable species - ranked as species but questionable whether it is species or subspecies; numbers have same definition 
as above. 

G#T#Q = Same as above, but validity as subspecies or variety is questioned. 
G? = Not yet ranked (temporary) 

FNAI State Rank 
Definition parallels global rank: substitute “S” for “G” and “in Florida” for “globally” in above global ranks. 

Federal Status - U.S. Fish and Wildlife Service (USFWS) 
LE = Listed as Endangered Species in the List of Endangered and Threatened Wildlife and Plants under the provisions of the Endangered 

Species Act. Defined as any species which is in danger of extinction throughout all or a significant portion of its range. 
LT = Listed as Threatened Species. Defined as any species which is likely to become an endangered species within the forseeable future 

throughout all or a significant portion of its range. 
Cl = Candidate Species for addition to the list of Endangered and Threatened Wildlife and Plants, Category 1. Taxa for which the USFWS 

currently has substantial information on hand to support the biological appropriateness of proposing to list the species as endangered 
or threatened. 

C2 = Candidate Species, Category 2. Taxa for which information now in possession of the USFWS indicates that proposing to list 
the species as endangered or threatened is possibly appropriate, but for which conclusive data on biological vulnerability and threat(s) 
are not currently available to support proposed rules at this time. 

3C = Category 3C. Taxa that have proven to be more abundant or widespread than was previously believed and/or those that are not subject 
to any identifiable threat. 

N = Not currently listed, nor currently being considered for listing. 

State Status 
Animals - Florida Game and Fresh Water Fish Commission (FGFWFC) 
LE = Listed as Endangered Species by the FGFWFC. Defined as species, subspecies, or isolated population which is so rare or depleted 

in number or so restricted in range of habitat due to any aritificial or natural factors that it is in immediate danger of extinction or 
extirpation from the state, or which may attain such a status within the immediate future. 

LT = Listed as Threatened Species by the FGFWFC. Defined as a species, subspecies, or isolated population which is acutely vulnerable to 
environmental alteration declining in number at a rapid rate, or whose range or habitat is decreasing in area at a rapid rate and as a 
consequence is destined or very likely to become an endangered species within the forseeable future. 

LS = Listed as Species of Special Concern by the FGFWFC. Defined as a population which warrants special protection, recognition, or 
consideration because it has an inherent significant vulnerability to habitat moditicaiton, environmental alteration, human disturbance, or 
substantial human exploitation which, in the forseeable future, may result in its becoming a threatened species. 

N = Not currently listed, nor currently being considered for listing. 

Plants - Florida Department of Aariculture and Consumer Services (FDACS) 
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LE = Listed as Endangered Plants in the Preservation of Native Flora of Florida Act. Defined as species of plants native to the state that are 
in imminent danger of extinction within the state, the survival of which is unlikely if the causes of a decline in the number of plants 
continue, and includes all species determined to be endangered or threatened pursuant to the Federal Endangered Species Act of 1973, 
as amended. 

LT = Listed as Threatened Plants in the Preservation of Native Flora of Florida Act. Defined as species native to the state that are in rapid 
decline in number of plants within the state, but which have not so decreased in such number as to cause them to be endangered. 

N = Not currently listed, nor currently being considered for listing. 
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APPENDIX I 

EVALUATION OF BACKGROUND ARSENIC 
CONCENTRATIONS FOR COVERED LANDFILL SITES 



At Naval Air Station (NAS) Whiting Field, nine soil types, as identified by the 
U.S. Department of Agriculture, Soil Conservation Service (USSCS), are present. 
The Remedial Investigation (RI) sites at NAS Whiting Field are associated with 
seven of the nine soil types. The background surface soil data for each RI site 
were initially determined to be composed of background surface soil samples from 
the same USSCS soil types that occur on the individual sites. However, available 
information and review of historical aerial photographs indicated that in the 
construction of landfills at the facility, a borrow pit was dug to an approximate 
depth of 10 to 15 feet below land surface and excavated soil was piled to the 
side. Following landfill operations, the borrow materials, which consisted of 
undifferentiated surface and subsurface soil, were used for the landfill cover. 
Any additional soil required to complete the landfill cover is believed to have 
been obtained from other borrow pits located at the facility. 

If a mix of surface and subsurface soil was used in the cover for landfills, it 
would be appropriate to use the combined data set of surface and subsurface soil 
samples as the background screening value. However, in order to be protective 
of human health and the environment, it is proposed that the background surface 
and subsurface data set be combined to a single value and be used as the 
industrial-use soil cleanup goal. This modified industrial-use soil cleanup goal 
is specifically limited to the covered landfill, sites including Sites 1, 2, 10, 
11, 13, 14, 15, and 16, and to the inorganic analyte arsenic. 

Tables 3-8 through 3-18 in this report present the detected concentrations and 
summarize the analytical data for the individual background soil samples 
collected at NAS Whiting Field. A summary of the arsenic background data se't and 
the modified industrial-use soil cleanup goal or arsenic is presented in Table 
I-l. As indicated on the table, the modified industrial-use soil cleanup goal 
for arsenic to be used at covered landfill sites is 4.62 milligrams pre kilogram. 
A comparison of detected arsenic concentrations in surface and subsurface soil 
samples to Florida soil cleanup goals is presented in Table I-2. 

WHT-RIFS.GIR 
PMW.Ol.99 l-l 



Table l-l 
Summary of Arsenic Detected in Surface and 

Subsurface Background Soil Samples 

Remedial investigation and Feasibility Study 
General information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Frequency of Mean of Detected Frequency of Mean of Detected 
Frequency of Mean of Detected Surface and Subsurface 

Detection Concentrations Detection Concentrations 
Detection Concentrations Soil Background 

Anaiyte 
Surface Soil Surface Soil Subsurface Soil Subsurface Soil 

Surface and Surface and Screening Concentration 

Samples’ Samples’ Samples’ Samples’ 
Subsurface Subsurface Soil (modified Industrial-Use 

Soil Samples’ Samples’ Cleanup Goal) 

inorganic Analytes (mglkg) 

r\rsenic 15/15 1.54 l4/14 3.14 29129 2.31 4.62 

’ Frequency of detection is the number of samples in which the analyte was detected was detected divided by the total number of samples analyzed. 
’ The mean of detected concentrations is the arithmetic mean of ail samples in which the anaiyte was detected. it does not include those samples in which the anaiyte 
lyas not detected. 

Note: mg/kg = milligrams per kilogram. 



Table l-2 
Comparison of Detected Arsenic Concentrations in Surface and 

Subsurface Soil Samples to Florida Soil Cleanup Goals 

Remedial investigation and Feasibility Study 
General Information Report 

Naval Air Station Whiting Field 
Milton, Florida 

Analyte 
Minimum Detected . Maximum Detected Mean of Detected 

Concentration . Concentration Concentrations 
Soil Cleanup Goals for Soil Cleanup Goals for Modified Industrial-Use 
Florida (Residential)’ Florida (Industrial)’ Soil Cleanup Goal’ 

lnorasnic Analvte (mglkgl 

Arsenic 0.52 6.3 2.31 0.8 3.7 4.62 

’ Source: Florida Department of Environmental Protection memorandum from John Ruddell, Director Division of Waste Management, to District Directors and Waste Program 
Administrators. Subject: Applicability of Soil Cleanup Goals for Florida, January 19, 1996. 
’ The modified industrial-use soil cleanup goal for arsenic is twice the mean of detected concentrations in the surface and subsurface soil samples. 

1 Note: ma/ka = milliarams oer kiloaram. I 



April 27, 1998 
,s” 

Ms. Linda Martin 
Department of the Navy, Southern Division 
Naval Facilities Engineering Command 
2155 Eagle Drive, PO Box 190010 
North Charleston, SC 29419-9010 file: arsenic1 .doc 

RE: Request for Site-Specific Arsenic Soil Cleanup Levels: Covered Landfill Sites, NAS 
Whiting Field 

Dear Ms. hktin: 

I have reviewed the request for approval of a site-specific Soil Cleanup Goal for arsenic at 
the “covered landfill sites” at NAS Whiting Field from Mr. Gerald Walker, ABB Environmental 
Services, dated April 22, 1998 (received April 22, 1998). Based on the prior presentation to 
Department Staff and the summary information furnished in the letter and the attached Appendix 
I, the request is granted to utilize a site-specific Soil Cleanup Goal for arsenic of 4.62 mgkg at 
Sites 1, 2, 9, 10, 11, 12, 13, 14, 15 and 16., with the following conditions: 

I. The sites may be utilized for activities that involve less than full-time contact with the site. 
This may include, but is not limited to, a.) parks b.) recreation areas that receive heavy use 
(such as soccer or baseball fields) or, c.) agricultural sites where farming practices result in 
moderate site contact (approximately 100 days/year, or less). 

2. The Navy must assure adherence to the land use by incorporating the site and conditions 
in a legally binding Land Use Contol agreement. 

3. The above Soil Cleanup Goal shall not be utilized at any other site without specific 
Department approval. 

If you have questions or require further clarification, please contact me at (904) 92 l-4230. 

Sincerely, 

James H. Cason, P.G. 
Remedial Project Manager 

Craig Benedii, USEPA Atlanta 
Jim Holland, NAS Whiting Field 

- 
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